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Abstract 
This project explores energy consumption of Atwater Kent, by looking at ways to reduce the 
determined electric power consumption, and the feasibility of placing solar panels on the roof 
of the building. In order to reduce the energy consumption of the building, the following 
solutions should be implemented: 
1) Remove unnecessary light bulbs from fixtures reducing light levels of over lit rooms by 
approximately 30% 
2) Change the light bulbs that are in the fixtures to LED bulbs that use 54% less power 
3) Edit the computer power settings so that the computers will shut down when not in use 
4) Install a photovoltaic system on the roof of the building to produce electricity 
a. Would provide roughly 5% of the electricity used by the Atwater Kent building 
annually 
b. The sale of SRECs produced by the system would generate $15,966 a year to 
further offset the cost of electricity. 
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Chapter 1  
Executive Summary 
1.1 Introduction 
It costs around five thousand dollars a month to power Atwater Kent. If this cost is reduced the hope is 
that the savings will be passed on to the students of WPI, possibly through scholarships. Reducing 
energy use has become important for companies and individuals in both the business and private 
sectors. New light bulbs that use a fraction of the electricity of traditional incandescent and even 
fluorescent light bulbs are being produced in greater numbers. Even America’s automobiles are 
becoming greener; the number of hybrids on the market is growing steadily. The lights bulbs and cars 
are just examples of America trying to reduce overall energy consumption.  
1.2 Background 
In 2009 an IQP group1 completed an energy audit of Higgins Laboratory to determine how to reduce the 
energy consumption of the building. They recommended the following methods to reduce the electric 
power used: 
1) Replace incandescent light bulbs with LED or fluorescent bulbs 
2) Reduce the light levels in most rooms 
3) Install occupancy sensors in all rooms 
While the previous project was focused solely on the reduction of power consumption in Higgins 
Laboratory, this project builds off of the idea of energy reduction and applies it to Atwater Kent (AK).  
One method of reducing costs involves installing a photovoltaic system on the roof of Atwater Kent to 
lessen the amount of energy purchased from National Grid by approximately eighteen percent, saving 
roughly $3531.83 per year. The system would generate around 28 SRECs (Section 4.7) a year that can be 
sold by the school for between $300 and $600. This would generate an additional eight to sixteen 
thousand dollars for the school. Much of the information used in the justification of installing a 
photovoltaic system was obtained from SunBug2 a company devoted to the installation of photovoltaic 
systems in MA. 
One method of reducing energy consumption that the Higgins report did not explore was using power 
saving settings on the computers.  These settings decrease the amount of energy that the computers in 
Atwater Kent use when they are not being operated such as when no classes are being held or at night.   
 
                                                           
1 D. Cancel, M. Dupuis, and B. Habin, Energy Audit of Higgins Laboratory. 2009. 
 
2
 http://sunbugsolar.com/offer/landing/residential-eval-offer?gclid=CODEkr2mqKECFY9M5Qod6E_aCg 
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1.3 Project Statement 
The purpose of this project was to reduce the amount of money spent on energy in Atwater Kent. In 
order to achieve this, either energy consumption of the building must be lowered or energy must be 
created. To lower the amount of energy consumed all of the electric equipment was inventoried and 
then solutions to reduce the amount of power used were explored. To create electricity a solar 
installation on the roof of AK was proposed. 
1.4 Methods 
Multiple tools were used during this project, including a lux meter(Figure 1.4.1) to measure lighting 
levels, a Watts UP? recording meter (Figure 3.3.1) to measure the power consumption of computers and 
benches (a bench consisting of one scope, power supply, multimeter, and function generator), and a 
solar pathfinder to determine available solar radiation. 
 
 
 
 
To calculate the total energy use of the building we determined the power use of the following: 
1) 100W incandescent spotlight bulbs 
2) 32W fluorescent tube light bulbs 
3) 40W fluorescent u-bulbs  
4) Dell desktop computers 
5) Bench equipment (scopes, power supplies, multimeters, and function generators) 
The breakdown of the energy consumption in the building can be seen below in Table 1.1.  
 
 
Figure 1.4.1 - A Luxmeter, a device used to measure the amount of 
lumens in a specified area. 
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Device 
Hours 
on per 
Day kW 
# of 
Devices 
kW 
total kWh per Year 
Fluorescent light 
bulbs  24.000 0.032 2101.000 67.232 587338.752 
Fluorescent light 
bulbs 14.000 0.032 2101.000 67.232 342614.272 
bench + 1 PC 24 0.092 99 9.108 79567.488 
Fluorescent U bulbs 24 0.040 77.000 3.080 26906.880 
Fluorescent U bulbs 14 0.040 77.000 3.080 15695.680 
Spotlights 24 0.100 17.000 1.700 14851.200 
Spotlights 14 0.100 17.000 1.700 8663.200 
Compact 
Fluorescent light 
bulbs 24 0.023 82.000 1.886 16476.096 
Compact 
Fluorescent light 
bulbs 14 0.023 82.000 1.886 9611.056 
PC 24 0.074 131.000 9.694 84686.784 
Total based on 14 
hours of lights         540838.480 
Total based on 24 
hours of lights         809827.200 
 
 
By calculating the total energy consumption of Atwater Kent, the group was able to determine how 
much of an impact the following changes would have: 
1) Replacing light bulbs with LED bulbs 
2) Using energy saving settings on the computers 
3) Reducing the amount of lighting in the building 
4) Using smart power strips in the computer labs 
The group also examined other ways to reduce costs in the building such as: 
1) Dyson Hand Dryers 
2) Air Curtains 
Table 1.4.1 - The energy consumption of Atwater Kent on a kWh per year basis. 
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3) Occupancy Sensors 
Our group also focused on the feasibility of installing a solar system on the roof of the Atwater Kent. The 
factors taken into account included: 
1) Effectiveness of the system 
2) Payback period 
3) Electric power generation of the system 
4) Expense of the project  
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Chapter 2  
Background 
2.1 Introduction 
In this section information pertinent to the discussion later in the report is presented. Such information 
is useful in understanding later arguments over topics such as cost, renewability, and feasibility. Topics 
that are in the background section include descriptions of types of lighting, lighting standards that are 
commonly used for buildings such as Atwater Kent, information on how various computer settings can 
reduce power consumption, information on various power saving devices, and solar energy credit and 
photovoltaic power generation information.  
 
2.2 Types of Lighting 
Currently, in Atwater Kent, all of the rooms (Appendix A) are primarily illuminated by fluorescent light 
tubes (Figure 2.2.1) which consume 32 watts each. These lights require a ballast that generates the high 
voltage needed to run the bulbs, and these ballasts tend to need frequent replacement in AK. The bulbs 
burn out about every 2 years in the 24 hour lit areas of Atwater Kent and every 3 years in offices and 
other areas where they lights are turned off frequently3 
 
Figure 2.2.1- A 48 Inch T8 Fluorescent Light Tube 
(http://www.bulbs.com/eSpec.aspx?ID=8262&Ref=30W+-+39W&RefId=313) 
Other types of lights in Atwater Kent that are not as common and number fewer than 200 in total are 
compact fluorescent bulbs, the spotlights, and the fluorescent u-bulbs (Appendix B).  
A replacement light bulb was found that would reduce the amount of power consumed by lighting. 
These LED lights, Light-Emitting Diodes, are T8 replacement bulbs (Figure 2.2.2), meaning that they 
                                                           
3 "32 Watt, 48 Inch T8 Cool White Fluorescent Bulb," bulb.com. [Online].    
 Available: http://bulbs.com. [Accessed: Feb. 9 2010]. 
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could replace the fluorescent bulbs while still using the same fixtures. These lights use half the energy 
that the fluorescent lights use, 15 watts, and last up to 5 years [3]. The LED tube lights do not require 
ballasts in order to operate further reducing their cost of operation and lessening the need for 
replacement jobs. The LED lights cost $75 per unit, compared to about $2.39 for a fluorescent bulb,4 but 
they last 2.5 times as long as the T8 fluorescent bulbs, do not require ballasts, and use 15 watts which is 
less than half of that used by fluorescent bulbs. 
 
 
Figure 2.2.2- T8 LED Tube Light 
(http://www.ledlight.com/t12-t8-led-tube-light-4foot-15-watt.aspx) 
2.3 Lighting Standards 
Lighting standards are the lighting levels a room or area must have in order for the safe execution of 
activities. The Chartered Institution of Building Services Engineers, or CIBSE,5 lighting standards were 
used to determine if a room was over or under lit. This standard provided information about light levels 
needed in different types of rooms. For example for a professor's offices the standard entitled "Offices 
(writing, typing, reading)" was used, which indicates that the room should be lit to a level of 500 Lux, or 
lumens per square meter. This chart provided information for the lighting levels needed for every type 
of room in Atwater Kent, which is further explained in section 4.2. 
2.4 Computer Settings 
AK houses over 200 personal computers and this section will introduce ways of reducing the amount of 
electricity that they consume. Energy Star is a joint program of the U.S. Environmental Protection 
Agency and the U.S. Department of Energy, and strives to both save money and help the environment 
through energy efficient products and practices. A short history of Energy Star is provided in Appendix A. 
Energy Star provides ways of PC power saving, they offer tips as well as a list of commercial PC power 
saving software.6 One tip offered by Energy Star is to use the Power Options offered in Windows. These 
                                                           
4
 http://www.bulbs.com/eSpec.aspx?ID=8262&Ref=30W+-+39W&RefId=313 
5 "Lighting at Work," University of Liverpool, CIBSA Code of lighting 2002, 2010.  [Online]. Available: 
http://www.liv.ac.uk/safety/Hazard_A_to_Z/Lighting.htm.  [Accessed Nov. 18, 2009]. 
6 http://www .energystar.gov/index.cfm?c=power_mgt.pr_power_management 
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options will turn off the monitor, hard disks, and put the computer into sleep mode or will shut it down 
after a user defined amount of time. This is a very effective way to save power and all of the methods 
for PC power saving involve implementing these features. The problem with this solution is that in a 
large scale IT environment, such as AK, is that sleeping or off computers cannot receive updates or 
maintenance. The solution to the problem is to use Wake on LAN or scheduled wake up time BIOS 
features to turn the PCs on just before scheduled maintenance. The Wake on LAN solution is used by 
most of the commercial power saving applications. There are many commercially available PC power 
saving software packages, a list of some and there features follows, a more comprehensive feature list 
can be found in Appendix B: 
Commercial Software Packages 
• Adaptiva Companion – features include instant or scheduled power off, hibernate, or sleep and 
wake on lan to perform maintenance. 
• Avocent's LANDesk Management Suite – features include comprehensive reporting, custom 
wattage settings, flexible power policy management, and chronological variability. 
• BigFix– enforces power saving options, uses wake on lan for it maintenance, and reports 
accurate cost and energy savings. 
• eiPower Saver Solution - view power events, set, enforce, and fine tune Windows power settings 
from a central location to save power, and not interfere with PC software administration. 
• Faronics Power Save – will shut down computers based on CPU, disk, keyboard, mouse and 
application activity. Also has reporting options and uses wake on lan to implement updates. 
• KBOX™ Systems Management Appliances (by Kace) – enforces power settings and scheduled 
shutdowns, provides reporting, and wake on lan.  
• LANrev's Power Management – allows creation and enforcement of power saving policies and 
reporting. 
• NightWatchman – creates a schedule for turning off computers during off hours, on for 
maintenance or during the work day. Also enforces power management policy during the day. 
• Power Manager – allows the IT manager to monitor, assess, simulate, test, execute, and report 
on a power management policy. 
• Surveyor – creates a power management policy, reports on it, allows users to remote desktop 
their machine even when they are asleep, uses wake on lan. 
• SysTrack Power Management – uses a behavior analysis to automatically power save, does not 
need wake on lan, automatically shuts down and wakes computers. 
• Triumfant’s Green IT Power Management – creates and enforces (forces non compliant 
computers to be compliant) a power management policy, throttles computers according to use, 
uses wake on lan, reports, and automatically save work when computer is shutdown. 
Energy Star provides a few success stories about what other large companies or organizations have done 
to reduce the amount of power their computers use. Verizon, Fusion Trade Inc., General Electric, North 
Thurston Public Schools, and the Spring Branch Independent School District all use the built in Windows 
Power Options to turn the computers off when they are not being used, they then use Wake on LAN or 
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scheduled auto wake up times, both of which are BIOS options, to accommodate maintenance. Dell uses 
NightWatchman and SMSWakeUP to perform their power saving needs.  
Given this information it is recommended that AK should implement a system similar to those of 
Verizon, Fusion Trade Inc., General Electric, North Thurston Public Schools, and the Spring Branch 
Independent School District. The Windows Power Options should be implemented, that is PCs should be 
put into sleep mode if not turned off after a period of inactivity, and Wake on LAN should be used to 
perform maintenance. The concern of Mr. Bob Brown, the AK PC administrator, is that WPI NetOps does 
not allow Wake on LAN packets through its network. NetOps should be petitioned to only allow the 
Wake on LAN packets in AK. This solution will offer the maximum amount of power savings that PCs are 
capable of without any software costs or extra hardware. The only cost will be the man hours to 
implement the Windows Power Options and writing a script to implement Wake on LAN before 
maintenance.  
2.5 Energy Consumption of AK Building 
There is no power meter attached to AK to indicate the power that the building consumes. WPI 
purchases electricity from National Grid at the full 13,000 volts of the Grid's transmission lines and then 
maintains their own transformers for use by the school. Consequently only one meter is used to monitor 
the power consumption for about 30 buildings of the main campus. Due to the Lack of data on the AK's 
power use a realistic estimate had to be generated. The estimate was created by using the following 
method. 
1) Determine the items that account for a significant amount of the total energy consumption of 
the building (lights, computers, and equipment benches) 
2) Total the number of each type of light bulb being used 
3) Multiply each total by the power consumption of each type of bulb 
4) Add the totals and multiply by the assumed hours of use each day 
5) Determine the average power use of a computer using a recording power meter 
6) Multiply that power use by the number of computers in the building 
7) Determine the average power use of a bench of equipment using a recording power meter 
8) Multiply that number by the number of benches in the building 
9) Add the power use of light bulbs, computer, and benches to get the total power use for the 
building. 
 
The total from this method gives power consumption for a single day which can then be used to find 
power consumption over any period of time.  
2.6 HVAC Systems 
Exploration into the Heating, Ventilation, and Air Conditioning systems of Atwater Kent was conducted 
to find out if improvements could be made. In order to gather this information Bill Grudzinski, the Chief 
Engineer for Facilities, and Norm Hutchins, the Mechanical Operations Super for Facilities, were 
contacted. From these resources it was found that the current plan for the antiquated HVAC systems 
used in AK is to discontinue maintenance and run the systems until they fail.  
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Once the systems fail they will be replaced with the most efficient systems currently available. These 
systems will run off of steam for heating, the steam is produced by the Power House, and chill water for 
cooling, chill water lines have been run from neighboring Fuller Laboratories for this purpose. These 
systems are very efficient because the steam and chill water are produced in very large quantities and 
are used to condition many buildings at WPI. The new systems in AK will also include occupancy sensors 
so that the systems will not be run if there are not people in the room. This plan, already in place, has no 
room for improvement and no further action was taken. 
2.7 Power and Money Saving Devices 
2.7.1 Smart Power Strip 
One of the devices that have been created to help manage power use is the smart power strip. Smart 
power strips are generally made to work in a situation where one large component would always be on 
with a few peripherals. An example of this would be a home entertainment system where the speakers, 
DVD player, VHS player, etc. only need to be on when the TV is on. Then in this case the TV would be 
plugged into the control outlet on the strip and the peripherals into the automatic shutoff outlets. This 
would make it so that when the TV is turned on or off all of other peripherals will also be turned on or 
off. In AK the computer would be plugged into the control outlet on the strip with the lab bench 
equipment plugged into the automatically switched outlets. The strip would then power down the lab 
bench equipment when the computer is shutdown. This would be used in conjunction with the 
Computer Power Saving Options so that if lab bench equipment has been forgotten to be turned off it 
will automatically be turned off when the computer shuts down due to inactivity. 
 
 
 
 
 
Figure 2.7.1.1 - A Smart Power Strip (http://www.amazon.com/Smart-Strip-Protector-Autoswitching-
Technology/dp/B0006PUDQK/ref=sr_1_1?ie=UTF8&s=hi&qid=1272389890&sr=8-1)  
2.7.2 Dyson Hand Dryer 
Atwater Kent currently uses paper towels in all the restrooms and does not offer any alternatives. An 
electric hand dryer could replace the paper towel rolls eliminating trash and the cost of the paper 
towels. The biggest general complaint about conventional hand dryers is that they take too long and 
they do not dry hands completely. A solution would be to use a Dyson Airblade hand dryer, shown in 
Figure 2.7.2.1. This hand dryer was invented with these two concerns in mind, and it will dry hands 
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completely in 12 seconds. The Dyson Airblade costs $12007 and will only consume 5.33 watt-hours of 
power during the 12 seconds needed to during a single use.  
 
 
Figure 2.7.1.1 – The Dyson Airblade hand dryer (http://www.dysonairblade.com/homepage.asp)  
2.7.3 Air Curtain 
The entrance used by most people entering or leaving Atwater Kent is the back door that faces the 
campus. This is a double door, that is there are two sets of doors creating an airlock of sorts, which is 
used to minimize the amount of air that can travel into or out of the building when the doors are 
opened. This is a good design when only one person is utilizing the doors, the first door closes before 
the second door opens stopping air flow. The fault in this system is that at WPI when the classes change 
there is a large stream of people using the doors keeping both sets open for an extended period of time, 
about 10 minutes. An air curtain, or air door, is a heating unit that would be installed over the exterior 
set of doors. The air curtain would then blast heated or unheated air straight down keeping the 
conditioned air in the building and the unconditioned air outside at all times even when both sets of 
doors are opened. After reading reviews Berner makes some of the best air curtains available. The back 
door to Atwater Kent is 96.5 inches wide, 8 feet tall, and 6 feet wide. Using this information the Berner 
Maxair model MAX1072 would be the appropriate air curtain. This model is heated using steam or hot 
water, has a 1/5 hp motor to blow the air, uses a wall mounted programmable control and thermostat, 
It can be mounted to a wall or hung from the ceiling, costs just under $3000, and can be seen in Figure 
2.7.3.1. 
                                                           
7
 http://www.dysonairblade.com/homepage.asp 
15 
 
 
Figure 2.7.3.1 – Berner Maxair Air Curtain 
(http://www.berner.com/commercial_air_maxair.php5?top=4&sub=1&id=20)  
 
2.7.4 Occupancy Sensors 
AK has over 2100 fluorescent light bulbs; these bulbs are one of the most efficient lighting methods 
available. The only way to reduce the amount of power used by them is to reduce the number of lights 
or to turn them off. In order to turn the lights off when they are not being used occupancy sensors could 
be installed into all lighting controls. Professors and occupants of private rooms are disciplined in 
turning off their power consuming devices and lighting so the focus of this will be on classrooms and 
laboratories.  
The three classrooms 116, 219, and 233 have $25,000 lighting systems that were installed in 2004 when 
the rooms were renovated. These lighting systems were purchased from Lutron Electronics Company 
Inc. and are controlled by a Crestron TPS -3000h touch screen interface located on teaching podiums in 
the front of the room. Mr. Bruce Fiene manages these podiums. He has the podiums programmed to 
turn off at night and he can do the same for the lighting but he is worried that if this was implemented 
when the lights turn off there could be people in the room they would have to fumble over to the 
lighting controls to turn them back on. This could be fixed with a warning from the podium, a few beeps, 
and the people in the room could tap the touch screen to keep the lights on.  
A similar method could be used for the projectors, as professors tend to forget to turn them off, and the 
bulbs cost upwards of $300. The projectors could be placed on a software timer, managed by the 
podium, and after 60 minutes of use, the podium would beep and then require user intervention in 
order to keep the projectors on. These modifications to the programming of the podiums can be 
implemented but an order would have to be place with Crestron and the programming would be 
expensive.  
After talking to both Frank Horanzy, the electrician in charge of AK, and Chris Salter, the WPI Facilities 
person in charge of installing the lighting system, they are both weary of installing a third party 
occupancy sensor into the Lutron system and they do not know if even a simple on/off sensor would 
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work with the system. They both agree that a Lutron device controlled by the podium should be 
implemented. A device such as the LOS-WDT-R-WH (Appendix I), made by Lutron, could be purchased 
and is intended for use with the lighting system in these classrooms. The device is a motion sensor that 
would keep the lights off if no one is in the room. It costs about $600 and would have to be 
professionally installed by an approved Lutron electrician. 
The three labs 113, 227, and 317 do not have these lighting systems so a more conventional approach 
can be taken. The test room for the power saving recommendations is room 227. This room has 66 
fluorescent bulbs with three bulbs to a ballast, the device that powers the fluorescent bulbs. The ballasts 
are dimmable ballasts with dimming switches on the wall; they are model number FDB-4827-120-3 from 
Lutron and cost about $120 which is four times more expensive than a non-dimmable ballast. According 
to Mr. Horanzy these ballasts need to be replaced frequently so replacing them with non-dimmable 
ballasts would save a sizable amount of money.  
Mr. Horanzy already has Leviton 092-0DS15-IDW motion sensors, which will turn the lights off every 30 
minutes of inactivity, which could replace the dimmer switches on the wall turning the lights out when 
no one is moving in the room. The cost of installing the motion sensors would be very minimal, only the 
cost of the part about $30. The problem with the motion sensors is that they would be located in the 
front of the room with a support beam blocking some of its range.  
A more suitable approach would be to install an ultrasonic occupancy sensor in the middle of ceiling. 
This is implemented by Mr. Horanzy in the Library and in some of the older dorms. The ultrasonic sensor 
that Mr. Horanzy uses is the w-2000A by the WattStopper. The problem with installing this is that a wire 
would have to be run from the sensor to the light switch on the wall. Leviton makes a wireless infrared 
occupancy sensor, model number WSC15-I0W,8 which could be installed with the same ease as a 
conventional motion sensor. The sensor runs off of batteries that are charged with solar panels on the 
device, and the ambient lighting in the room is enough to run the device, more information can be 
found in Appendix F.  
The lab also has a projector, in order to save on the power it consumes and to prolong the lifetime of 
the bulb a timer should be used instead of an on/off switch. Three different timers were examined, they 
can be found in Appendix F, and the Leviton 6260M-T 10-20-30-60 Minute timer is suggested. This 
would allow the user to select how long they would want the projector on and if more time is required 
then they would just have to press the button again. 
2.8 Solar Energy Systems 
There are three main components of a photovoltaic power generation system an inverter, the 
photovoltaic panels, and the mounting system of the panels. Invertors can be purchased from Selectria, 
Fronius, or SMA. The panels can be purchased from Evergreen, BP, Sharp, Canadian Solar, or Kyocera. 
Ordering panels in bulk will decrease prices dramatically, with a container of panels costing as much as 
25% less per panel then buying panels individually. For a mounting system Silverback Solar is suggested 
                                                           
8
http://www.leviton.com/OA_HTML/ibcGetAttachment.jsp?cItemId=DsXDSTdhGLc-
f0ESz31uMA&label=IBE&appName=IBE&minisite=10025 
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because they have a system that requires less roof penetration. An overall estimation of the cost of 
setting up a system, SunBug Solar gives a cost of around $7.25 per watt for a residential system and as 
low as $6.25 per a watt for a commercial system.  
2.9 Energy Rebates/ Tax Credits 
There are three different incentive programs to reduce the cost solar systems. The first is the MA state 
rebate known as the Commonwealth Solar System. The program pays $1.50 per watt for a system under 
25 kW plus $0.10 per watt if a component of the system was produced in MA. This program stated that 
it had eight million dollars at its disposal that it would release four million dollars at a time quarterly. 
The first four million dollars has already been used with the remaining four set to be released in April 
2010. In order to qualify for the money the institution must already have a signed contract with a solar 
installer; the installer would then apply for the rebate on the institutions behalf. The state has not yet 
specified if it is going to procure more funds for the Commonwealth Solar System once the original eight 
million is expended. It is therefore unlikely that a plan to install panels on the roof of Atwater Kent 
would be able to take advantage of the program since it is not likely the school would be ready to move 
forward by April 2010. 
The second incentive program is a federal tax credit that refunds thirty percent of the cost of the system 
as a credit on the institution’s taxes. Since WPI is a tax exempt entity it would be necessary to do some 
complex business manipulations in order to take advantage of the tax credit. One possibility that SunBug 
Solar suggested was to have an alumni set up a company that owned the solar system making them 
eligible for the rebate and then have the company lease the system to WPI. While a possibility SunBug 
Solar thought it would be better to not try to take advantage of the federal tax credit. 
The third and most promising incentive is Solar Renewable Energy Credit system put in place by the 
Massachusetts Department of Energy Resources (DOER). With this program, for every megawatt hour of 
electricity that is produced with a solar system DOER will give you a Solar Renewable Energy Credit 
(SREC) that can then be sold through a company such as SRECTrade or Flett Exchange to other 
companies looking for green energy. The generation of the energy is monitored by the Clean Energy 
Center, and every quarter they issue the SRECs. DOER stabilizes the market on SRECs with a guaranteed 
low price of $300 each through the Solar Credit Clearing House (SCC) which buys credits that cannot be 
sold elsewhere. They also set a ceiling on the price of SRECs with the Alternative Compliance Payment 
program that requires a percentage of the electricity produced by utility companies to have been 
created by solar. If there is an excess of SREC the ACP will force utility companies to purchase them. The 
current price on the ACP is $600 per SREC a utility company needs. For a system that is installed in 2010 
DOER guarantees the low price of $300 for ten years. In 2011 DOER can either increase or decrease the 
commitment by two years for new systems, meaning it will either be guaranteed for eight or twelve 
years. 
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Chapter 3 
Methodology 
3.1 Introduction 
This chapter explains how each topic area was approached from a scientific point of view. Such topics 
include how light levels were determined, how the computer and other tests were conducted, and how 
the Solar Energy Credit System works.  
3.2 Light Level Readings 
In order to analyze if Atwater Kent was over or under lit each room was systematically measured for 
lighting levels. This was done using a Lux Meter, shown in Figure 1.4.1, provided to us by Professor 
Looft. This tool is used to measure light levels in a room in the units of lux which is lumens per square 
meter. This unit of measurement turned was convenient because the light levels chart, Appendix F, is 
given in lux allowing comparison to standard light levels provided in the chart. 
The method used to measure the light level in a room was taken from the Energy Toolbox website. This 
method was to hold the Lux Meter at waist or table level around common workstations in each room 
and to avoid measuring directly beneath a light fixture so that the results are not skewed by intense 
readings. In order to make an accurate assessment of light levels one reading was taken for every light 
bulb in the room. All of the readings were taken at night, after the sun set, so that outside light would 
not skew the results.9 Once these readings were obtained they were compared to the recommended 
values given by the CIBSE. This was done to allow the determination of which rooms were over or under 
lit. 
3.3 Computer Power Usage Tests 
After considering the options outlined in Computer Settings it was decided that the best solution to 
reduce power consumption of the PCs was to implement the Windows Power Options and use WOL 
(Wake On Lan) to provide updates to the computers. First the power consumption of the PCs as they are 
configured now was metered using the Watts UP power meter, seen in Figure 3.3.1.  
                                                           
9
 B. Rowse, "How to use a lux meter," Energy Toolbox, 2005. [Online]. Available:   
 http://www.energy-      
 toolbox.vic.gov.au/energy_toolbox/summer_push/how_to_use_a_lux_meter.html.  
 [Accessed Nov. 18, 2009]. 
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Figure 3.3.1 – the Watts Up? PRO power metering device 
(https://www.wattsupmeters.com/secure/index.php)  
The first metering was done by connecting three lab benches to the meter and recording the power 
consumption over a week’s time. The second metering test done was to measure the power 
consumption of just one PC, it was done using the Watts UP meter connected to one PC that was 
observed to be used by students frequently.  
Now that the consumption of one lab bench and one PC is known measures were taken to try to reduce 
the amount of power consumed. First a smart power strip was purchased; this power strip will turn off 
everything plugged into it once the control item is turned off. It was purchased for $33 from 
Amazon.com and a picture of it can be seen in Figure 3.3.2. The power strip was implemented as 
described in section 2.7.1, that is the computer was used as the control and the lab bench equipment 
were attached to the automatically switched outlets. The power strip was then plugged into power 
meter and data was recorded over one week. 
 
 
 
 
Figure 3.3.2 – The smart power strip, the blue plug is the control plug, the red as not affected or always 
on, and the others will be turned off when the control plug turns off. (http://www.amazon.com/Smart-
20 
 
Strip-Protector-Autoswitching-
Technology/dp/B0006PUDQK/ref=sr_1_1?ie=UTF8&s=hi&qid=1267564781&sr=8-1)  
The next power saving method tested was to implement the Windows Power Savings Options. In order 
to do this a simple plan was proposed to Bob Brown, the person that manages the computer systems in 
Atwater Kent. In turn Mr. Brown provided administrative privileges to implement the settings for a 
power test. The options were implemented on a high use computer and then metered with the same 
Watts UP? PRO meter. The options implemented were to turn the monitor off after 10 minutes, the 
hard drives after 20 minutes, and to go into sleep mode after one hour. The only option not 
implemented was hibernation. Also, the options on the machine tested did not provide a full shutdown 
feature. With these features implemented the power use of the computer was recorded for one week.  
The final test done was to implement the Windows Hibernation option. This feature will save the data 
stored in RAM onto the hard drive and then shutdown the computer after so many minutes of inactivity. 
When the computer is turned back on again the original contents of the RAM are reinstated from the 
hard disk and no information loss occurs. The other power saving options of the original test were 
maintained except for that sleep mode occurred after 30 minutes and hibernation now occurred after 
one hour. These setting were implemented and the power usage was recorded for one week. 
3.4 Electricity Consumption Calculations 
In order to determine the electricity consumption of Atwater Kent it was necessary to come up with 
several equations. The equation used to determine the amount of power a device uses is the power 
consumption of the device in kilowatts multiplied by the number of hours the device operates to get the 
kilowatt hours consumed by the device. This is then multiplied by the number of devices found in the 
entire building to find total power consumption. The number of kilowatt hours is then multiplied by the 
price WPI pays per kWh to determine the cost per day to run the device. This was done for all the 
electricity consuming devices in AK. Two totals, for kWh and cost per day, were found, the first assuming 
the lights are on for 24 hours a day and the second assuming 14 hours a day. This gives a maximum and 
a more realistic number for the amount of power consumed. 
3.5 Dyson Hand Dryer 
Atwater Kent currently uses only paper towels in the bathrooms. Money could be saved by switching to 
a hand dryer but conventional hand dryers take too long and do not dry hands completely. A Dyson 
Airblade solves this problem. In order to determine if the hand dryer would save money first the amount 
of paper towels used was estimated by measuring the amount of towel dispensed per pull of the 
dispenser and then listening for how many times people pulled the dispenser. The amount was averaged 
and then a total use was found. With this information the cost per use of paper towels could be found. 
Then the amount of power that the Dyson hand dryer uses was found to be 5.33 watt-hours,10 from this 
the cost per use of the dryer could be found and compared to the paper towels. 
                                                           
10
 http://www.dysonairblade.com/homepage.asp 
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3.6 Air Curtain 
An air curtain, or air door, is a heating unit that would be installed over the main entrance of Atwater 
Kent, i.e. the back door that faces the campus. The air curtain would then blast heated or unheated air 
straight down keeping the conditioned air in the building and the unconditioned air outside. The Berner 
Maxair model MAX1072 would be the appropriate air curtain as described in section 2.7.3. That model is 
heated using steam or hot water, has a 1/5 hp motor to blow the air, a wall mounted programmable 
control/thermostat, It can be mounted to a wall or hung from the ceiling, costs just under $3000, and 
can be seen in Figure 2.7.3.1. Using the Energy Savings Calculator for Air Curtains11 provided by Berner, 
which was found to be realistic and not optimistic by cross referencing across other third party sites, and 
providing the following information a cost benefit ratio was calculated. The information provided was an 
8 foot tall 6 foot wide door, with an average outside temperature across heating months of 30.44 
degrees F (found using average temperatures for Worcester for the past 30 years), average wind speed 
of 10 mph (found using average wind speed for Worcester for the past 30 years), 2 hours of the door 
being open be day (classes run from 8am to 9pm that is 13 class changes of 10 minutes each), 5 days of 
operation per week, for 20 weeks of heating weather, about $3 per million BTU (cost of WPI heating the 
water to heat the air for the curtain), 0.12 cents per kWh, 1/5 air door horsepower, the cost of the air 
door is $3000, and assuming $3000 installation cost (this is a complete assumption, the installation 
would consist of; mounting the air door, mounting the control/thermostat, running power and hot 
water to the unit).  
3.7 Solar Energy Research 
To learn about the solar energy systems, the rebates, and tax credits, that can be used to help pay for 
the system, the input of experts was required. SunBug Solar, Inc., a New England based solar installation 
company, came to WPI to provide this information. The SunBug presentation covered the rebates, tax 
credits, the components of a photovoltaic system, what brands SunBug used, and how SunBug 
purchased the components. 
Obtaining results on the amount of energy that would be produced by a solar array on the roof was a 
process that started with determining the area that would be available for panels.  The group decided to 
assume that the structure the panels would be mounted on starts .46m away from the edge of the roof 
and go back 4.83m. The front part of the system would be 1.09m above the roof and the back would be 
5.6m above the roof. The panels would be at a 43° angle to the roof. The system would be 21.46m long, 
encompassing a total of 108 panels. The panels would be BP Solar SX3175N 175W panels12.  
To determine the power that the system would provide, the team had to use the solar pathfinder(see 
Appendix M for pathfinder charts) with the Solar Radiation Data Manual to calculate the number of sun 
hours the system would get per day each month.  When multiplied by the total wattage of the system, 
the number of solar hours allows the calculation of the megawatt hours of electricity generated by the 
system per month.  
                                                           
11
 http://www.berner.com/sales/energy.php5 
12
 http://www.magnet4less.com/product_info.php?products_id=470 
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Chapter 4 
Results 
4.1 Introduction  
This chapter focuses on the results from the experiments conducted and the results from theoretical 
calculations used to decide upon the feasibility of certain devices or procedures. The results presented 
in this chapter include light level tests, the computer test, other power saving device calculations, as 
well as some calculations on how much money can be saved from a solar installation.  
4.2 Light Level Results 
From the comparison of the light levels in Atwater Kent to recommended lighting levels in Appendix F it 
was determined that approximately 30% of all the fluorescent light bulbs in Atwater Kent can be 
removed while still meeting the recommended light levels in the standard. This number is based on the 
finding that most rooms in AK are 30% over lit. For instance room 218, see Appendix E, has an average 
lighting level of 816.5 lux. In this room there are 48 fluorescent light bulbs in 12 fixtures. The 
recommended light level for this type of a room, classified as "Conference and meeting rooms" in 
Appendix F, is 500 lux. This shows that the room is 63% over illuminated, removal of 1 to 2 lights from 
each fixture would reduce the lighting to the standard level saving power.  
4.3 Computer Test Results 
After metering one computer with no power saving options implemented it was found to use an average 
of 12.4kWh per week. Once again assuming 0.12 cents per kWh and considering that the computers are 
never turned off the total cost of running one is: 
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There are 328 computers in AK so the total power consumption and cost is: 
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The first attempt to save power was to use the smart power strip. It was shown in section 3.3 that the 
recorded amount of power used without the power strip 15.3kWh and the amount used with the power 
strip was also 15.3kWh.  
The second attempt to save power was to implement the power option in Windows. The specific setting 
can be found in section 3.3 and the power savings they resulted in are: 
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The third attempt was to implement the hibernation setting along with the settings from the second 
test. The metering showed an average power consumption of 11.0kWh per week this gives: 
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4.4 AK Power Use Results 
The measurement of power use in Atwater Kent allowed for the generation of two tables. Figure N.1 in 
Appendix N, shows the amount of CO2 that is being released into the atmosphere on a daily and yearly 
basis as a side product of the generation of electricity needed to power Atwater Kent. The amount of 
CO2 that is being released is shown for either coal or natural gas. 
The second table, see Figure N.2 in Appendix N, shows the amount of electricity being used by the 
different types of light bulbs, the computers, the bench equipment in Atwater Kent, as well as the total 
for the building. The electricity usage is reported on a daily, weekly, monthly, and yearly basis. The cost 
of the electricity is also reported for each of the items and the total on a daily, weekly, monthly, and 
yearly basis. 
4.5 Dyson Hand Dryer Results 
Atwater Kent currently uses paper towels in all of its bathrooms. Electricity and money could be saved 
by switching to the Dyson Airblade as described in section 2.7.2. Scott hard roll paper towels, which are 
used in the bathrooms, cost $90.67 per carton of 12 rolls. Each roll is 800 inches long and with an 
average use of 20 inches13 per use:  
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A Dyson Blade hand dryer costs $1200 and lasts seven to ten years. They use 5.33 watts per use and one 
use lasts twelve seconds. Assuming 12 cents per kWh14: 
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 This average use was found by measuring how much people used in the Library at WPI. 
14
 This value is derived from the WPI electric bill 
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Assuming 50 uses per day with 5 school terms of 35 days each, paper towels cost: 
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With the same assumptions the Dyson Blade hand dryer costs: 
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The savings the first year would be:  
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Assuming 25 uses per day with 5 school terms of 35 days each, paper towels cost: 
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With the same assumptions the Dyson Blade hand dryer costs: 
		


  


+)0  
  
+)0  

0) 
The savings the first year would be: 
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Total savings after the 7 year minimum life span of the dryer: 
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4.6 Air Curtain Results 
Using the saving calculator found on the Berner web site as described in section 3.6 the following 
information was found: 
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Heat Loss from Temperature    109,092 BTU/HR                   
 Heat Loss from Wind           1,055,712 BTU/HR                    
Total Heat Loss                               1,021,503 BTU/HR                    
Heat Loss per Season           358 MMBTU/HR                    
Heat Saved by Air Door         250 MMBTU/HR                   
 Cost of Heat Lost without Air Door           1,788 $/MMBTU                    
Cost of Heat Saved with Air Door               1,251 $/MMBTU                    
Cost to purchase/install Air Door               $6,000.00                    
Cost to run Air Door                                     $1.41 per season                   
 Air door will pay for itself in                       5 years 
4.7 Solar Results 
The data provided by the use of the solar pathfinder used in conjunction with the Solar Radiation Data 
Manual, the number of panels to be place on the roof, and the wattage of the panels allowed the 
calculation of the data shown in Figure 4.7.1. 
Month kWh Generated Megawatts Hours Generated 
Money Saved on Electricity 
($) 
January 1540.526 1.5405264 184.86 
February 2096.690 2.0966904 251.60 
March 2727.950 2.7279504 327.35 
April 2835.000 2.835 340.20 
May 3046.680 3.04668 365.60 
June 3061.800 3.0618 367.42 
July 3222.450 3.22245 386.69 
August 3105.270 3.10527 372.63 
September 2797.200 2.7972 335.66 
October 2393.402 2.3934015 287.21 
November 1440.180 1.44018 172.82 
December 1164.769 1.1647692 139.77 
Annually 29431.918 29.4319179 3531.83 
Figure 4.7.1 - Power generated with a solar system and money saved as a result 
The megawatt hours generated data column from Figure 4.7.1 allows the calculation of the number of 
SRECs that the system would generate, at the rate of 1 SREC per megawatt hour. The number of SRECs 
earned quarterly is shown in Figure 4.7.2 along with the potential income from their sale. 
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Quarter SRECs Generated 
Maximum Income from 
SRECs ($) 
Minimum Income from 
SRECs ($) 
1st 6 3819.10 1909.55 
2nd 8 4595.78 2297.89 
3rd 9 5165.78 2582.89 
4th 5 2999.01 1499.51 
Annually 28 16579.67 8289.84 
Figure 4.7.2 - SRECs earned by quarter, with potential incomes 
Combing the data from Figure 4.7.1 and 4.7.2 allows the calculation of the quarterly value gained from 
the solar system, the value being comprised of the money saved on the electric bill and the revenue 
gained from the sale of the SRECs generated each quarter. The data is summarized in Figure 4.7.3 
 
 
 
 
 
Figure 4.7.3 - The total Value that the Solar system provides by quarter, as well as an annual value. 
 
 
 
 
 
 
 
 
 
 
Quarter 
Money Saved on 
Electricity ($) 
Income from 
SRECs ($) 
Total Value 
($) 
1st 763.82 2,864.33 3,628.15 
2nd 1,073.22 3,446.84 4,520.06 
3rd 1,094.99 3,874.33 4,969.32 
4th 599.80 2,249.26 2,849.06 
Annualy 3,531.83 12,434.76 15,966.59 
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Chapter 5 
Analysis 
5.1 Introduction 
In chapter 5 the data that was presented in Chapter 4 is elaborated upon and discussed, allowing for 
analysis and conclusions to be formulated from the data. The light level results show how much power 
can be saved by making the suggested changes as well as the analysis of putting solar panels on top of 
Atwater Kent. These sections provide the backbone to the recommendations in Chapter 6 as well as an 
explanation as to what the tests and research found. 
5.2 Light Level Analysis 
Since there are 2101 fluorescent light bulbs in Atwater Kent that use 32 watts each the total amount of 
power consumed by the lights is in between 342614 kW hours and 587338 kW hours per year based on  
14 and 24 hour illumination periods respectively, see Appendix C. Reducing the amount of fluorescent 
light bulbs by 30% would decrease these numbers to 102784.2 and kW 176201.4 kW hours per year. 
Worcester Polytechnic Institute buys electricity for 12 cents per kilowatt, so the amount of money saved 
would be between $12,367 and $21,202 a year with the light reduction. Another method to save money 
and energy is to switch the fluorescent light bulbs for the LED light bulbs discussed in section 2.1. These 
bulbs use less than half the power of the current bulbs in place thereby reducing the cost to $23190 - 
$11595 per year, see Table 5.2.1. 
Device Amount 
Reduced 
Amount 
Power 
Consumed 
(kW) 
Number of 
Hours per 
day 
kW used per 
year 
Cost of 
Operation 
per Year 
($) 
FLBs 2101.00 1470.70 0.032 24.00 412266.62 49471.99 
FLBs 2101.00 1470.70 0.032 12.00 206133.31 24736.00 
LED 2101.00 1470.70 0.015 24.00 193249.98 23190.00 
LED 2101.00 1470.70 0.015 12.00 96624.99 11595.00 
Table 5.2.1 - Cost Comparison of reduced LED lights to Fluorescent lights 
5.3 Computer Test Analysis 
The amount of power consumed while using the smart power strip is equal to that consumed without 
the power strip so it will never save more money than it costs and is not a good investment. 
The other computer tests that implement the Windows power savings options save a total of 1.4kWh 
per week, utilizing all the option including hibernation. The computers are currently never turned off so 
this is a savings of 23878.4kWh and $645.12 per year. Even though this savings is minimal the cost of 
implementing the Windows Power Savings Options is also minimal, potentially free, the people that 
manage the computers would just have one extra task to complete.  
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5.5 Dyson Hand Dryer Analysis 
The Dyson hand dryer solves the biggest problems when it comes to hand dryers, the time involved 
when using it and completely drying the hands. With this in mind it could replace paper towels without 
complaints. The savings involved would be 	.
with average use over 7 years making this a strong 
recommendation for Atwater Kent. 
5.6 Air curtain Analysis 
The air curtain shows a long payback period, but the device lasts for many years. The results also 
factored in a $3000 installation cost which is a very conservative number, also it uses an average 
number for the amount it will cost to heat the device, this number would be much less for WPI because 
WPI produces steam at such high volumes. Considering the number of times classes change during the 
school day the recommendation would be to install this device.  
5.8  Solar Analysis 
The projected cost of the system generated from the cost of panels, invertors, and mounting system is 
shown in Figure 5.8.1. 
Component Number Needed Cost per Component ($) Cost ($) 
Panel 108 1,300 140,400 
Invertor 2 15,000 30,000 
Mounting 
System 
(Estimate) 1 10,000 10,000 
Total     180,400 
Figure 5.8.1 - Cost of a Solar Energy System 
The projected cost of the system according to Figure 5.8.1 is $180,400. The estimated annual income 
from the system combined with the estimated energy savings is $15,966.59 as shown in Figure 4.7.3. 
The payback period on this system comes to 11.3 years. The cost estimate of the system does not 
include installation cost so this estimate is a low. If the estimation of installation was $25,000, this would 
raise the total cost of the system to $205,400, increasing the payback period to 12.9 years. Both of these 
calculations are favorable to the installation of a solar system because the panels that are being used in 
this estimate have a 25 year limited warranty, this leaves 12.1 years of revenue generation. 
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Chapter 6  
Recommendations 
6.1 Introduction 
This chapter will provide recommendations for power savings based upon findings described in Chapter 
5. 
6.2 Suggestions for Power Savings 
1) Remove about 30% of lighting from the building as described in section 4.2  
2) Implement the Windows Power Savings options  
3) When a ballast needs to be replaced switch the bulbs in the fixture to LEDs 
4) Install Dyson hand dryers in the restrooms to reduce paper towel costs 
5) Install occupancy sensors in larger classrooms and labs as described in section 2.7.4 
6) Install a solar energy system on the roof to reduce power costs and generate SREC credits. 
As shown in Figure 1.4.1 the highest contributing factor to Atwater Kent’s power usage is lighting.  
Therefore this is the most important and realistic way to both cut costs and save energy in the building.  
There are two ways to implementing this; one would be replacing the fluorescent light bulbs with newer 
LED light bulbs that use considerably less power to operate and provide identical light levels.  The other 
method would be removing about 30% of the lights from each fixture to bring the light levels in each 
room down to the recommended levels. However implementing both ideas would be an ideal situation 
as it would result in having to buy less LED bulbs, which are expensive, and reducing the total power 
consumption. 
The Windows power saving options should be implemented so that the computer will turn off the HDDs 
after 20 minutes, turn off the monitor after 10 minutes, go into sleep mode after 30 minutes, and go 
into hibernation after 1 hour. Then Wake on Lan should be used to implement updates. This would stop 
the computers from wasting electricity while idle and would be very simple to implement. 
The installation of Dyson hand dryers would help to both lower our environmental footprint and free up 
more money in the department.  This hand dryer would replace the existing paper towel dispensers on 
the first floor and then depending upon the resulting impact they have on the building more maybe 
installed. The Dyson hand dryer uses a “blade” of air to dry hands effectively cutting out the need for 
paper towels in the bathrooms equipped with these devices. Due to usage between floors it is 
recommended that the implementation of this device be limited to the first floor and at most having an 
additional device in the second floor men’s room as these are the most commonly used bathrooms in 
the building. 
Occupancy sensors should be installed into the classrooms and labs to turn the lights off when there is 
no one in those rooms. The occupancy sensors needed for the classrooms with the Lutron light systems 
would be expensive but they would not fail for an extended period of time making them worth the 
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investment. The labs should be equipped with an ultrasonic occupancy sensor in the middle of the 
room, this would take extensive wiring for installation but the payoff is potentially not running these 
lights at night severely reducing power consumption. 
The installation of a solar energy system on the roof of Atwater Kent would be favorable because of the 
relative short payback period of the system, around thirteen years. This may seem like a long period of 
time but the panels are under warranty for 25 years leaving them 12 years to produce pure savings on 
the cost of electricity and profit generated off the sale of the SRECs. 
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Appendix A - Inventory 
This appendix provides a detailed inventory of Atwater Kent for each important room as well as 
a legend for the acronyms that are used. 
 
1 Bench = 1 Scope, 1 Power Supply,  1 Multimeter, 1 Function Generator 
flbs = Florescent Long Bulbs          cfbs = Compact Florescent Light Bulbs 
 
Basement 
• Basement Hallway 
o 24 flbs 
• 005 
o 4 flbs 
• 006 
o 4 flbs 
• 007 
o 4 flbs 
• 008 
o 4 flbs 
• 009 
o 4 flbs 
• 010 
o 4 flbs 
• 011 
o 4 flbs 
• 012 
o 4 flbs 
• 013 
o 2 net anal 
o 2 benches 
o 8 flbs 
• 014 
o 48 flbs 
o 5 PCs 
o Scope 
o 1 net anal 
o frig 
o Microwave 
o Printer 
• 015 
o 10 flbs 
 
• 018 
o 36 flbs 
o 5 PCss 
• 019 
o 8 u bulbs 
• 020 
o 8 u bulbs 
First Floor 
• Hallways 
o 56 flbs 
• 100 
o 6 flbs 
• 101 (Office) 
o 6 flbs 
o 2 PCss 
o 1 microwave 
o fridge 
• 102 (Office) 
o 6 flbs 
o 2 PCss 
o 1 microwave 
o fridge 
• 103 (Office) 
o 6 flbs 
o 2 PCss 
o 1 microwave 
o fridge 
• 104 (Office) 
o 6 flbs 
o 2 PCss 
o 1 microwave 
o fridge 
 
• 105 (Office) 
o 6 flbs 
o 2 PCss 
o 1 microwave 
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o fridge 
• 106 (IEEE Lounge) 
o Fridge 
o 12 flbs 
o 2 PCss 
o microwave 
•  108 (Conference Room) 
o 28 flbs 
•  109 
o 8 flbs 
o 2 PCss 
• 109a 
o 12 flbs 
• 111 (Fabrication Lab) 
o 2 PCs 
o 36 flbs 
• 111a (Office) 
o 8 flbs 
o 2 PCss 
• 112 (ECE Tech Support Facility) 
o 3 PCss 
o 1 bench 
o fridge 
o 52 flbs 
• 112d 
o 12 flbs 
• 113 (Digital and Microprocessing 
Lab) 
o 84 flbs 
o 15 benches 
o 18 PCss 
o 1 computer with eeprom 
o Projector 
o 1 extra scope 
o Printer 
 
 
 
 
• 113a 
o 24 flbs 
o 2 PCs 
o 2 scopes 
o 3 net anal 
o 1 power supp 
o 1 func gen 
• 116 (Newell Hall) 
o 72 flbs 
o 64 cfbs 
o 9 u bulbs 
o 2 projectors 
o 1 podium 
• 117 (Women’s room) 
o 8 flbs 
o 2 u bulbs 
• 118 (Men’s room) 
o 14 flbs 
o 2 u bulbs 
• 120a/b (Server Room) 
o 9 PCSs 
o 1 printer 
o 1 plotter 
o Fridge 
o 8 u bulbs 
o 20 flbs 
o 2 a/c 
o 1 fan 
o Server Equipment listed in 
notebook 
• 120c (Robotics Lab) 
o 30 flbs 
o 1 printer  
o 1 PCs 
• 120d/e (Garden Lab) 
o 11 benches 
o 16 PCss 
o Podium  
o Projector 
o 60 flbs 
 
 
 
 
• 121 (Office) 
o 8 flbs 
o 1PCs 
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• 122 (Office) 
o 8 flbs 
o 1PCs 
• 123 (Research Lab) 
o 18 flbs 
o 4 PCs 
o Printer 
• 124 (Office) 
o 8 flbs 
o 1PCs 
• 125 (Office) 
o 8 flbs 
o 1PCs 
• 126 (S.S. Dept. Head’s Office) 
o 18 flbs 
o 1 PCs 
• 126a (Kitchen) 
o Coffee pot 
o 2 refrigerators 
o Microwave 
o Toaster oven 
o 6 flbs 
• 127 (S.S. Department Office) 
o 36 flbs 
o 3 PCs 
o 2 printer 
o Fax 
o Paper shredder 
• 128  (Conference Room) 
o 12 flbs 
o 1 podium 
o 1 projector 
• 129 (Office) 
o 8 flbs 
o 1PCs 
• 130 (Office) 
o 8 flbs 
o 1PCs 
 
 
• 131 (Copyroom) 
o 6 flbs 
o Printer 
Second Floor 
• Hallways 
o 54 flbs 
• 201a (Mail Room) 
o 4 flbs 
• 201/201b/202 (ECE Dept. Office) 
o 54 flbs 
o 5 PCs 
o 5 printer 
o Plotter 
o Scanner 
o Copier  
o Shredder 
• 203 (ECE Dept. Head’s Office) 
o 1 Laptop 
o 1 rado 
o 1 frig 
o 1 TV 
o ? flbs 
• 204 (Office) 
o 6 flbs 
o 1 PCs 
• 205 (Office) 
o 6 flbs 
o 1 PCs 
• 206 (Grad Lounge) 
o 14 flbs 
o Coffee pot 
o Normal frig 
• 207 (Robotics Entrepreneurship Lab) 
o 3 PCs 
o 6 benches 
o 1 frig 
o 10 flbs 
• 208a (Research Lab) 
o 16 flbs 
o 3 PCs 
 
 
• 208b (C(SP)2 Lab) 
o 1 PCs 
o Bench 
o 12 flbs 
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• 209 (Embedded Computing Lab) 
o 12 PCs 
o Bench 
o 24 flbs 
• 210 (MQP Lab) 
o 9 benches 
o Printer 
o 32 flbs 
• 211a (Ultrasonics Lab) 
o 4 PCs 
o 2 laptops 
o Coffee pot 
o Microwave 
o Printer 
o 2 scopes 
o Power supp 
o Func gen 
o Multimeter 
o 24 flbs 
• 211b (Ultrasonics Lab) 
o 3 PCs 
o 2 net anal 
o 24 flbs 
• 212a (CAIRN) 
o 2 racks edac 
o 8 PCs 
o 4 network analyzer  
o 4 cb radios 
o 40 flbs 
o 4 u bulbs 
o Printer 
• 212b (CRIS Lab) 
o 8 PCs 
o 48 flbs 
o Frig 
o Microwave 
• 213 (Office) 
o 8 flbs 
o 1 PCs 
• 214 (Office) 
o 8 flbs 
o 1 PCs 
• 215 (Office) 
o 8 flbs 
o 1 PCs 
• 216 (Office) 
o 8 flbs 
o 1 PCs 
• 217 (Office) 
o 8 flbs 
o 1 PCs 
• 218 (Videoconference Room) 
o Tv  
o podium  
o 48 flbs 
• 219 (Keith Lecture Hall) 
o 56 flbs 
o 18 cfbs 
o 9 spotlights 
o 6 u bulbs 
o 2 projectors 
o 1 podium 
• 220 (Grad. Student Offices) 
o 12 flbs 
o 1 PCs 
• 221 (Ultrasonics Lab) 
o 2 ultrasound 
o 2 PCs 
o 2 scopes 
o 14 flbs 
• 222 (Men’s room) 
o 24 flbs 
• 223 (Women’s room) 
o 8 flbs 
• 225 (Grad Student Offices) 
o 2 PCs 
o 8 flbs 
• 226 (Research Lab) 
o 8 flbs 
o 1 PCs 
 
 
• 227 (Studio Classroom/ Electronics 
Lab) 
o 25 benches 
o 1 projector 
o 54 flbs 
o 12 u bulbs 
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• 228 (Office) 
o 8 flbs 
o 1 PCs 
• 229 (Office) 
o 8 flbs 
o 1 PCs 
• 230 (Office) 
o 8 flbs 
o 1 PCs 
• 231 (Office) 
o 8 flbs 
o 1 PCs 
• 232 (Classroom) 
o 22 flbs 
o 1 podium 
o 1 projector 
• 233 (Classroom) 
o 32 flbs 
o 8 spotlights 
o 6 u bulbs 
o 1 podium 
o 2 projectors 
Third Floor 
• Hallways 
o 36 flbs 
• 301 (Office) 
o 18 flbs 
o 3 PCss 
o 2 benches 
• 302 (Office) 
o 1 PCs 
o 6 flbs 
• 303 (Office) 
o 1 PCs 
o 6 flbs 
 
• 304 (Office) 
o 1 PCs 
o 6 flbs 
• 305 (Office) 
o 1 PCs 
o 6 flbs 
• 306 (Office) 
o 1 PCs 
o 6 flbs 
• 307 (Office) 
o 1 PCs 
o 6 flbs 
• 308 (Office) 
o 1 PCs 
o 6 flbs 
• 309 (Office) 
o 1 PCs 
o 6 flbs 
• 310 (Office) 
o 1 PCs 
o 6 flbs 
• 311 (SPIN Lab) 
o 12 flbs 
o 5 PCss 
• 313  
o 12 flbs 
o 4 PCss 
• 315/315a (Machine Vision Lab) 
o 64 flbs 
o 3 benches 
o 10 PCs 
o Coffee pot 
o Toaster 
o Microwave 
o Frig 
• 316 
o 8 flbs 
o 2 PCss 
• 317a (General Lab) 
o Projector 
o 19 benches 
o 68 flbs 
o Printer 
 
• 317b (NECAMSID) 
o Coffee pot 
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o Microwave 
o Frig 
o 16 PCs 
o 4 power  supp 
o 60 flbs 
o 2 scope 
o 3 net anal 
o 2 benches 
• 318 (Wireless Innovation Lab) 
o 13 PCs 
o 2 benches 
o 1 net anal 
o 24 flbs 
o 319 (office) 
o 12 u bulbs 
• 320/320a/b (CWINS) 
o 64 flbs 
o 8 PCs 
o 5 net anal 
o 2 printer 
• 320c (Antenna Lab) 
o 12 flbs 
o 4 PCss 
• 324 (Men’s room) 
o 4 flbs 
• 328 (Women’ room) 
o 4 flbs 
Stairways 
• Front Right 
o 22 flbs 
• Back Right 
o 23 flbs 
• Back Left 
o 16 flbs 
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Appendix B - Inventory Total 
 
This appendix gives the totals for the inventory of electricity consuming devices taken of 
Atwater Kent. 
 
Florescent Long Bulbs = 2101 
Benches = 99 
PCs = 229 
U bulbs = 77 
Network anal. = 21 
Scopes = 10 
Fridges = 17 
Microwaves = 12 
Printers = 19 
Projectors = 12 
Power Supply = 6 
Function Generator = 2 
Compact Fluorescent Bulbs = 82  
Podiums = 6 
Coffee Pots = 5 
Computers with eeprom = 1 
A/Cs = 2 
Fans = 1 
Toaster Oven/ Toasters = 2 
Fax Machines = 1 
Paper Shredders = 2 
Plotters = 1 
Scanners = 1 
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Copiers = 1 
Laptops = 2 
Multimeters = 1 
CB Radios = 4 
Edac racks = 2 
Spotlights = 17 
TVs = 2 
Ultrasound Machines = 2 
Radios = 1 
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Appendix C - Power Analysis of Components 
 
This appendix gives an initial analysis of the cost to operate the devices listed. 
 
Device kW 
# of 
Devices 
kW 
total 
Hours 
on per 
Day 
kWh per 
Day 
kWh per 
Year 
Cost 
Per Day 
($) 
Cost 
Per 
Year ($) 
flbs 0.032 2101.000 67.232 24.000 1613.568 587338.752 193.628 70674.3 
flbs 0.032 2101.000 67.232 14.000 941.248 342614.272 112.950 41226.7 
bench 
+ 1 PC 0.092 99 9.108 24 218.592 79567.488 26.231 9574.33 
U 
bulbs 0.040 77.000 3.080 24 73.920 26906.880 8.870 3237.7 
U 
bulbs 0.040 77.000 3.080 14 43.120 15695.680 5.174 1888.66 
Spotlig
hts 0.100 17.000 1.700 24 40.800 14851.200 4.896 1787.04 
Spotlig
hts 0.100 17.000 1.700 14 23.800 8663.200 2.856 1042.44 
CFBs 0.023 82.000 1.886 24 45.264 16476.096 5.432 1982.56 
CFBs 0.023 82.000 1.886 14 26.404 9611.056 3.168 1156.5 
PC 0.074 131.000 9.694 24 232.656 84686.784 27.919 10190.3 
Total 
based 
on 14 
hours 
of 
lights         1485.820 540838.480 178.298 65078.9 
Total 
based 
on 24 
hours 
of 
lights         2224.800 809827.200 266.976 97446.2 
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Appendix D - Power Bill 
 
This appendix provides an explanation of the charges that National Grid imposes for their electricity to 
WPI. Figure D.1 shows the charges as shown on the WPI electric bill for one month, the usage and the 
total cost are almost perfectly average. 
 
Figure D.1 - The WPI electric Bill 
• Customer Charge: Price for metering, billing, and reading the meter. 
• Distribution Charge On-Peak: The charge for delivering electricity from the National Grid 
distribution center to WPI during peak hours, which is when the demand on the grid is 
generally high. 
• Distribution Charge Off -Peak: The charge for delivering electricity from the National 
Grid distribution center to WPI during off peak hours, which is when the demand on the 
grid is generally low. 
• Transition Charge: This charge is due to a debt National Grid has to small electric 
companies that they used to buy electricity from, which was caused by an early 
termination of services clause in the contract to the small electric companies. This debt 
will be paid off in about 10 – 15 years, and then National Grid will stop charging for it. 
• Transmission Charge: This is a charge for transmitting electricity from power generation 
companies to the National Grid distribution center. 
• Distribution Demand Charge: This is a charge for having to maintain equipment for the 
largest instantaneous demand for electricity that WPI educes on the grid over a month. 
• High Voltage Discount: This is a discount given to WPI because WPI has its own 
transformers to take the 13,800 volts supplied by National Grid and knock it down to 
120v or whatever is needed throughout the campus. Normal residences for instance do 
not have this and National Grid charges more to have to maintain these transformers. 
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• Demand Side Management Charge: This is a charge for side management programs that 
National Grid offers, such as free energy audits for residences, and reimbursements 
given for saving energy. 
• Transition Demand Charge: This charge is the same as the transition charge except that 
it is adjusted according to the highest instantaneous demand WPI causes on the grid. 
• Renewable Energy Charge: This is a charge so that National Grid can raise awareness of 
renewable energy. 
• High Voltage Metering: This is a discount given to WPI because WPI maintains its own 
transformers and can receive the full 13,800 volts from National Grid. 
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Appendix E - Lux Readings 
This appendix gives the readings for all the rooms of Atwater Kent measured in lux, first middle 
column, and lumens, right most column. 
 
Light Measurements 
Room/Area Lux Reading Foot- Candle 
Basement Hallway 102.00 9.48 
  165.00 15.33 
  158.00 14.68 
  40.00 3.72 
  190.00 17.65 
  261.00 24.25 
  142.00 13.19 
  71.00 6.60 
  201.00 18.67 
  50.00 4.65 
  10.00 0.93 
  18.00 1.67 
  83.00 7.71 
  51.00 4.74 
  120.00 11.15 
  114.00 10.59 
  23.00 2.14 
  24.00 2.23 
  52.00 4.83 
  250.00 23.23 
  154.00 14.31 
  47.00 4.37 
  37.00 3.44 
  91.00 8.45 
  187.00 17.37 
  110.00 10.22 
  73.00 6.78 
  168.00 15.61 
  15.00 1.39 
  101.00 9.38 
  120.00 11.15 
  118.00 10.96 
  6.00 0.56 
  64.00 5.95 
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  250.00 23.23 
  220.00 20.44 
  253.00 23.50 
  300.00 27.87 
  82.00 7.62 
  279.00 25.92 
  90.00 8.36 
  211.00 19.60 
  35.00 3.25 
  100.00 9.29 
  144.00 13.38 
  113.00 10.50 
  90.00 8.36 
  60.00 5.57 
  140.00 13.01 
  377.00 35.02 
  261.00 24.25 
  80.00 7.43 
  137.00 12.73 
Average 125.25 11.64 
1st Floor Hallway 40.50 3.76 
  179.00 16.63 
  35.00 3.25 
  136.00 12.63 
  43.00 3.99 
  145.00 13.47 
  287.00 26.66 
  62.00 5.76 
  140.00 13.01 
  293.00 27.22 
  79.00 7.34 
  154.00 14.31 
  330.00 30.66 
  137.00 12.73 
  142.00 13.19 
  127.00 11.80 
  158.00 14.68 
  53.00 4.92 
  260.00 24.15 
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  47.00 4.37 
  82.00 7.62 
  185.00 17.19 
  215.00 19.97 
  293.00 27.22 
  199.00 18.49 
  110.00 10.22 
  183.00 17.00 
  263.00 24.43 
  94.00 8.73 
  166.00 15.42 
  144.00 13.38 
  38.00 3.53 
  16.00 1.49 
  25.00 2.32 
  184.00 17.09 
  160.00 14.86 
  194.00 18.02 
  213.00 19.79 
  310.00 28.80 
  100.00 9.29 
  152.00 14.12 
  138.00 12.82 
  120.00 11.15 
  135.00 12.54 
  150.00 13.94 
  140.00 13.01 
  135.00 12.54 
  130.00 12.08 
  150.00 13.94 
  105.00 9.75 
  82.00 7.62 
  140.00 13.01 
  236.00 21.92 
  198.00 18.39 
  180.00 16.72 
  157.00 14.59 
  123.00 11.43 
  120.00 11.15 
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  110.00 10.22 
  100.00 9.29 
  70.00 6.50 
  12.00 1.11 
  185.00 17.19 
  157.00 14.59 
  161.00 14.96 
  254.00 23.60 
  75.00 6.97 
  136.00 12.63 
  120.00 11.15 
  102.00 9.48 
  102.00 9.48 
  41.00 3.81 
  60.00 5.57 
  51.00 4.74 
  125.00 11.61 
  163.00 15.14 
Average 139.95 13.00 
Power Lounge 192.00 17.84 
  85.00 7.90 
  244.00 22.67 
  184.00 17.09 
  152.00 14.12 
  220.00 20.44 
  231.00 21.46 
  50.00 4.65 
  211.00 19.60 
  181.00 16.82 
  215.00 19.97 
  149.00 13.84 
  154.00 14.31 
  158.00 14.68 
  320.00 29.73 
  203.00 18.86 
  58.00 5.39 
  145.00 13.47 
  139.00 12.91 
Average 173.21 16.09 
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2nd Floor Hallway 257.00 23.88 
  107.00 9.94 
  287.00 26.66 
  52.00 4.83 
  124.00 11.52 
  285.00 26.48 
  106.00 9.85 
  171.00 15.89 
  200.00 18.58 
  50.00 4.65 
  195.00 18.12 
  265.00 24.62 
  60.00 5.57 
  172.00 15.98 
  265.00 24.62 
  60.00 5.57 
  172.00 15.98 
  265.00 24.62 
  100.00 9.29 
  91.00 8.45 
  272.00 25.27 
  54.00 5.02 
  202.00 18.77 
  107.00 9.94 
  151.00 14.03 
  188.00 17.47 
  207.00 19.23 
  66.00 6.13 
  176.00 16.35 
  151.00 14.03 
  43.00 3.99 
  31.00 2.88 
  129.00 11.98 
  172.00 15.98 
  177.00 16.44 
  217.00 20.16 
  230.00 21.37 
  178.00 16.54 
  76.00 7.06 
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  251.00 23.32 
  105.00 9.75 
  64.00 5.95 
  159.00 14.77 
  79.00 7.34 
  147.00 13.66 
  183.00 17.00 
  244.00 22.67 
  57.00 5.30 
  132.00 12.26 
  166.00 15.42 
  218.00 20.25 
  217.00 20.16 
  91.00 8.45 
  226.00 21.00 
  57.00 5.30 
  206.00 19.14 
  111.00 10.31 
  151.00 14.03 
  200.00 18.58 
  71.00 6.60 
  219.00 20.35 
  122.00 11.33 
  134.00 12.45 
  252.00 23.41 
  178.00 16.54 
  246.00 22.85 
  198.00 18.39 
  36.00 3.34 
  28.00 2.60 
  123.00 11.43 
  219.00 20.35 
  115.00 10.68 
  220.00 20.44 
  254.00 23.60 
  65.00 6.04 
Average 155.40 14.44 
3rd Floor Hallway 119.00 11.06 
  116.00 10.78 
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  246.00 22.85 
  73.00 6.78 
  221.00 20.53 
  82.00 7.62 
  86.00 7.99 
  233.00 21.65 
  114.00 10.59 
  207.00 19.23 
  86.00 7.99 
  225.00 20.90 
  215.00 19.97 
  172.00 15.98 
  239.00 22.20 
  130.00 12.08 
  191.00 17.74 
  138.00 12.82 
  111.00 10.31 
  192.00 17.84 
  189.00 17.56 
  81.00 7.53 
  99.00 9.20 
  201.00 18.67 
  286.00 26.57 
  124.00 11.52 
  275.00 25.55 
  183.00 17.00 
  155.00 14.40 
  177.00 16.44 
  195.00 18.12 
  108.00 10.03 
  215.00 19.97 
  76.00 7.06 
  176.00 16.35 
  53.00 4.92 
  190.00 17.65 
  215.00 19.97 
  133.00 12.36 
  80.00 7.43 
  234.00 21.74 
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  52.00 4.83 
  204.00 18.95 
  145.00 13.47 
  38.00 3.53 
  192.00 17.84 
  222.00 20.62 
  54.00 5.02 
  240.00 22.30 
  180.00 16.72 
  181.00 16.82 
  144.00 13.38 
  194.00 18.02 
  60.00 5.57 
  294.00 27.31 
  51.00 4.74 
  200.00 18.58 
  72.00 6.69 
  119.00 11.06 
  42.00 3.90 
  103.00 9.57 
  44.00 4.09 
  196.00 18.21 
  233.00 21.65 
  169.00 15.70 
  200.00 18.58 
  128.00 11.89 
  266.00 24.71 
  168.00 15.61 
  226.00 21.00 
  208.00 19.32 
  44.00 4.09 
  84.00 7.80 
  249.00 23.13 
  171.00 15.89 
  207.00 19.23 
Average 158.17 14.69 
      
Room 005 32.00 2.97 
  190.00 17.65 
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  300.00 27.87 
  297.00 27.59 
Average 204.75 19.02 
Room 006 32.00 2.97 
  190.00 17.65 
  300.00 27.87 
  297.00 27.59 
Average 204.75 19.02 
Room 007 32.00 2.97 
  190.00 17.65 
  300.00 27.87 
  297.00 27.59 
Average 204.75 19.02 
Room 008 32.00 2.97 
  190.00 17.65 
  300.00 27.87 
  297.00 27.59 
Average 204.75 19.02 
Room 009 280.00 26.01 
  270.00 25.08 
  265.00 24.62 
Average 271.67 25.24 
Room 010 280.00 26.01 
  270.00 25.08 
  265.00 24.62 
Average 271.67 25.24 
Room 011 280.00 26.01 
  270.00 25.08 
  265.00 24.62 
Average 271.67 25.24 
Room 012 280.00 26.01 
  270.00 25.08 
  265.00 24.62 
Average 271.67 25.24 
Room 013 352.00 32.70 
  387.00 35.95 
  590.00 54.81 
Average 443.00 41.16 
Room 014 200.00 18.58 
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  240.00 22.30 
  275.00 25.55 
  315.00 29.26 
  272.00 25.27 
  305.00 28.34 
  302.00 28.06 
  315.00 29.26 
  362.00 33.63 
  130.00 12.08 
  213.00 19.79 
Average 266.27 24.74 
Room 015 240.00 22.30 
  240.00 22.30 
  200.00 18.58 
Average 226.67 21.06 
Room 018 335.00 31.12 
  600.00 55.74 
  388.00 36.05 
  652.00 60.57 
  453.00 42.08 
  454.00 42.18 
  484.00 44.96 
  595.00 55.28 
  429.00 39.86 
  800.00 74.32 
Average 519.00 48.22 
Room 019 434.00 40.32 
  317.00 29.45 
  420.00 39.02 
  500.00 46.45 
  330.00 30.66 
  250.00 23.23 
Average 375.17 34.85 
Room 020 434.00 40.32 
  317.00 29.45 
  420.00 39.02 
  500.00 46.45 
  330.00 30.66 
  250.00 23.23 
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Average 375.17 34.85 
      
Room 100 (Main Entrance) 84.00 7.80 
  70.00 6.50 
Average 77.00 7.15 
Room 101 (Office) 244.00 22.67 
  284.00 26.38 
  215.00 19.97 
  333.00 30.94 
Average 269.00 24.99 
Room 102 (Office) 244.00 22.67 
  284.00 26.38 
  215.00 19.97 
  333.00 30.94 
Average 269.00 24.99 
Room 103 (Office) 244.00 22.67 
  284.00 26.38 
  215.00 19.97 
  333.00 30.94 
Average 269.00 24.99 
Room 104 (Office) 244.00 22.67 
  284.00 26.38 
  215.00 19.97 
  333.00 30.94 
Average 269.00 24.99 
Room 105 (Office) 244.00 22.67 
  284.00 26.38 
  215.00 19.97 
  333.00 30.94 
Average 269.00 24.99 
Room 106 (IEEE Lounge) 445.00 41.34 
  473.00 43.94 
  300.00 27.87 
  172.00 15.98 
  347.00 32.24 
  252.00 23.41 
  351.00 32.61 
Average 334.29 31.06 
Room 108 (Conference Room) 320.00 29.73 
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  242.00 22.48 
  212.00 19.70 
  258.00 23.97 
  302.00 28.06 
  416.00 38.65 
  455.00 42.27 
  344.00 31.96 
  291.00 27.03 
  430.00 39.95 
  532.00 49.42 
  175.00 16.26 
Average 331.42 30.79 
Room 109 261.00 24.25 
  299.00 27.78 
  431.00 40.04 
  333.00 30.94 
  332.00 30.84 
  382.00 35.49 
  218.00 20.25 
  251.00 23.32 
Average 313.38 29.11 
Room 109a 272.00 25.27 
  289.00 26.85 
  234.00 21.74 
  233.00 21.65 
Average 257.00 23.88 
Room 111 (Fabrication lab) 119.00 11.06 
  388.00 36.05 
  396.00 36.79 
  435.00 40.41 
  423.00 39.30 
  523.00 48.59 
  570.00 52.95 
  254.00 23.60 
  495.00 45.99 
  226.00 21.00 
  585.00 54.35 
Average 401.27 37.28 
Room 111a (Office) 388.00 36.05 
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  392.00 36.42 
  475.00 44.13 
  380.00 35.30 
Average 408.75 37.97 
Room 112 (ECE Tech Support Facility) 517.00 48.03 
  654.00 60.76 
  780.00 72.46 
  333.00 30.94 
  505.00 46.92 
  702.00 65.22 
  678.00 62.99 
  589.00 54.72 
  555.00 51.56 
  592.00 55.00 
  632.00 58.71 
  540.00 50.17 
Average 589.75 54.79 
Room 112d 605.00 56.21 
  505.00 46.92 
  430.00 39.95 
  587.00 54.53 
  500.00 46.45 
  562.00 52.21 
  432.00 40.13 
Average 517.29 48.06 
Room 113 (Digital and Microprocessing Lab) 870.00 80.82 
  540.00 50.17 
  980.00 91.04 
  600.00 55.74 
  744.00 69.12 
  854.00 79.34 
  933.00 86.68 
  957.00 88.91 
  960.00 89.19 
  950.00 88.26 
  840.00 78.04 
  685.00 63.64 
  888.00 82.50 
  819.00 76.09 
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  559.00 51.93 
  782.00 72.65 
Average 810.06 75.26 
Room 113a 740.00 68.75 
  815.00 75.72 
  569.00 52.86 
  663.00 61.59 
  860.00 79.90 
  870.00 80.82 
Average 752.83 69.94 
Room 116 (Newel Hall) 550.00 51.10 
  573.00 53.23 
  578.00 53.70 
  532.00 49.42 
  545.00 50.63 
  509.00 47.29 
  690.00 64.10 
  173.00 16.07 
  195.00 18.12 
  281.00 26.11 
  293.00 27.22 
  254.00 23.60 
  226.00 21.00 
  437.00 40.60 
  420.00 39.02 
  544.00 50.54 
  607.00 56.39 
  716.00 66.52 
  766.00 71.16 
  787.00 73.11 
  818.00 75.99 
  756.00 70.23 
  734.00 68.19 
  728.00 67.63 
  753.00 69.96 
  832.00 77.29 
  795.00 73.86 
  798.00 74.14 
  856.00 79.52 
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  835.00 77.57 
  862.00 80.08 
  215.00 19.97 
  745.00 69.21 
Average 587.97 54.62 
Room 117 (Women's Bathroom) 285.00 26.48 
  250.00 23.23 
  211.00 19.60 
  178.00 16.54 
  152.00 14.12 
  160.00 14.86 
Average 206.00 19.14 
Room 118 (Men's Bathroom) 556.00 51.65 
  265.00 24.62 
  275.00 25.55 
  262.00 24.34 
  267.00 24.80 
  231.00 21.46 
  420.00 39.02 
  360.00 33.44 
Average 329.50 30.61 
Room 120c (Robotics Lab) 306.00 28.43 
  423.00 39.30 
  322.00 29.91 
  330.00 30.66 
  354.00 32.89 
  345.00 32.05 
  299.00 27.78 
Average 339.86 31.57 
Room 120d/e (Garden Lab) 328.00 30.47 
  284.00 26.38 
  300.00 27.87 
  173.00 16.07 
  275.00 25.55 
  314.00 29.17 
  410.00 38.09 
  256.00 23.78 
  285.00 26.48 
  306.00 28.43 
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  226.00 21.00 
  230.00 21.37 
  312.00 28.99 
Average 284.54 26.43 
Room 121 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 122 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 123 (Research Lab) 820.00 76.18 
  461.00 42.83 
  725.00 67.35 
  624.00 57.97 
Average 657.50 61.08 
Room 124 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 125 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 126 (Office) 682.00 63.36 
  567.00 52.68 
  545.00 50.63 
  332.00 30.84 
  723.00 67.17 
  492.00 45.71 
Average 556.83 51.73 
Room 126a (Kitchen) 356.00 33.07 
  160.00 14.86 
  294.00 27.31 
  250.00 23.23 
  231.00 21.46 
  296.00 27.50 
Average 264.50 24.57 
58 
 
Room 127 (S.S. Department Office) 655.00 60.85 
  598.00 55.56 
  452.00 41.99 
  681.00 63.27 
  611.00 56.76 
  460.00 42.74 
  498.00 46.27 
  277.00 25.73 
  523.00 48.59 
  723.00 67.17 
  600.00 55.74 
  514.00 47.75 
  773.00 71.81 
Average 566.54 52.63 
Room 128  (Conference Room) 535.00 49.70 
  460.00 42.74 
  799.00 74.23 
  620.00 57.60 
  504.00 46.82 
  622.00 57.79 
  763.00 70.88 
  607.00 56.39 
  523.00 48.59 
  455.00 42.27 
  644.00 59.83 
  742.00 68.93 
  788.00 73.21 
  648.00 60.20 
Average 622.14 57.80 
Room 129 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 130 (Office) 387.00 35.95 
  485.00 45.06 
  428.00 39.76 
Average 433.33 40.26 
Room 201 (ECE Department) 168.00 15.61 
  347.00 32.24 
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  230.00 21.37 
  210.00 19.51 
  78.00 7.25 
Average 206.60 19.19 
Room 201a (Mail Room) 268.00 24.90 
  520.00 48.31 
Average 394.00 36.60 
Room 202 (ECE Department) 655.00 60.85 
  598.00 55.56 
  452.00 41.99 
  681.00 63.27 
  611.00 56.76 
  460.00 42.74 
  498.00 46.27 
  277.00 25.73 
  523.00 48.59 
  723.00 67.17 
  600.00 55.74 
  514.00 47.75 
  773.00 71.81 
Average 566.54 52.63 
Room 203 (Prof. Looft's Office) 682.00 63.36 
  567.00 52.68 
  545.00 50.63 
  332.00 30.84 
  723.00 67.17 
  492.00 45.71 
Average 556.83 51.73 
Room 204 (Office) 418.00 38.83 
  392.00 36.42 
Average 405.00 37.63 
Room 205 (Office) 418.00 38.83 
  392.00 36.42 
Average 405.00 37.63 
Room 206 (Grad. Lounge) 356.00 33.07 
  367.00 34.10 
  160.00 14.86 
  294.00 27.31 
  250.00 23.23 
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  231.00 21.46 
  387.00 35.95 
  296.00 27.50 
  544.00 50.54 
Average 320.56 29.78 
Room 207 (Robotics Entrepreneurship Lab) 228.00 21.18 
  365.00 33.91 
  190.00 17.65 
  234.00 21.74 
  246.00 22.85 
  242.00 22.48 
  124.00 11.52 
Average 232.71 21.62 
Room 207a (Conference Room) 464.00 43.11 
  427.00 39.67 
  444.00 41.25 
  429.00 39.86 
  232.00 21.55 
  560.00 52.03 
  380.00 35.30 
  218.00 20.25 
  472.00 43.85 
Average 402.89 37.43 
Room 208a (Research Lab) 522.00 48.49 
  420.00 39.02 
  468.00 43.48 
  504.00 46.82 
  462.00 42.92 
  344.00 31.96 
  344.00 31.96 
  532.00 49.42 
  630.00 58.53 
Average 469.56 43.62 
Room 208b (C(SP)
2
 Lab) 232.00 21.55 
  370.00 34.37 
  243.00 22.58 
  298.00 27.68 
  303.00 28.15 
  169.00 15.70 
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  222.00 20.62 
Average 262.43 24.38 
Room 209 (Embedded Computing Lab) 421.00 39.11 
  436.00 40.51 
  500.00 46.45 
  470.00 43.66 
  450.00 41.81 
  688.00 63.92 
  523.00 48.59 
  444.00 41.25 
  477.00 44.31 
  552.00 51.28 
  474.00 44.04 
  446.00 41.43 
Average 490.08 45.53 
Room 210 (MQP Lab) 480.00 44.59 
  242.00 22.48 
  251.00 23.32 
  236.00 21.92 
  462.00 42.92 
  374.00 34.75 
  422.00 39.20 
  512.00 47.57 
  390.00 36.23 
  484.00 44.96 
  466.00 43.29 
Average 392.64 36.48 
Room 211a (Ultrasonics Lab) 474.00 44.04 
  355.00 32.98 
  269.00 24.99 
  275.00 25.55 
  495.00 45.99 
  408.00 37.90 
  363.00 33.72 
  210.00 19.51 
Average 356.13 33.08 
Room 211b (Ultrasonics Lab) 422.00 39.20 
  347.00 32.24 
  303.00 28.15 
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  383.00 35.58 
  473.00 43.94 
  314.00 29.17 
  497.00 46.17 
  355.00 32.98 
  262.00 24.34 
  328.00 30.47 
Average 368.40 34.23 
Room 212a (CAIRN) 333.00 30.94 
  300.00 27.87 
  194.00 18.02 
  382.00 35.49 
  363.00 33.72 
  359.00 33.35 
  236.00 21.92 
  324.00 30.10 
  387.00 35.95 
  413.00 38.37 
  332.00 30.84 
  348.00 32.33 
  314.00 29.17 
  372.00 34.56 
Average 332.64 30.90 
Room 212b (CRIS Lab) 315.00 29.26 
  300.00 27.87 
  210.00 19.51 
  375.00 34.84 
  363.00 33.72 
  379.00 35.21 
  336.00 31.22 
  324.00 30.10 
  387.00 35.95 
  413.00 38.37 
  332.00 30.84 
  448.00 41.62 
  314.00 29.17 
  360.00 33.44 
Average 346.86 32.22 
Room 213 (Office) 448.00 41.62 
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  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 214 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 215 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 216 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 217 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 218 (Videoconference Room) 735.00 68.28 
  760.00 70.61 
  999.00 92.81 
  826.00 76.74 
  766.00 71.16 
  622.00 57.79 
  763.00 70.88 
  804.00 74.69 
  1002.00 93.09 
  858.00 79.71 
  644.00 59.83 
  742.00 68.93 
  788.00 73.21 
  1122.00 104.24 
Average 816.50 75.85 
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Room 219 (Keith Lecture Hall) 201.00 18.67 
  421.00 39.11 
  263.00 24.43 
  235.00 21.83 
  190.00 17.65 
  427.00 39.67 
  589.00 54.72 
  600.00 55.74 
  800.00 74.32 
  816.00 75.81 
  826.00 76.74 
  843.00 78.32 
  752.00 69.86 
  640.00 59.46 
  647.00 60.11 
  808.00 75.07 
  310.00 28.80 
  336.00 31.22 
  618.00 57.41 
  524.00 48.68 
  608.00 56.48 
  424.00 39.39 
  466.00 43.29 
Average 536.70 49.86 
Room 220 (Grad. Student Offices) 318.00 29.54 
  186.00 17.28 
  173.00 16.07 
  172.00 15.98 
  172.00 15.98 
  345.00 32.05 
Average 227.67 21.15 
Room 221 (Ultrasonics Lab) 274.00 25.46 
  499.00 46.36 
  146.00 13.56 
  158.00 14.68 
  539.00 50.07 
  340.00 31.59 
  300.00 27.87 
  179.00 16.63 
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  300.00 27.87 
  81.00 7.53 
Average 281.60 26.16 
Room 222 (Men's Bathroom) 1025.00 95.22 
  675.00 62.71 
  932.00 86.58 
  407.00 37.81 
Average 759.75 70.58 
Room 223 (Women's Room) 282.00 26.20 
  272.00 25.27 
  37.00 3.44 
  190.00 17.65 
  182.00 16.91 
  198.00 18.39 
Average 193.50 17.98 
Room 225 (Grad. Student Offices) 98.00 9.10 
  87.00 8.08 
  289.00 26.85 
  146.00 13.56 
  455.00 42.27 
Average 215.00 19.97 
Room 226 (Research Lab) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 227 (Studio Classroom/ Electronics Lab) 112.00 10.41 
  113.00 10.50 
  543.00 50.45 
  407.00 37.81 
  192.00 17.84 
  49.00 4.55 
  364.00 33.82 
  517.00 48.03 
  352.00 32.70 
  337.00 31.31 
  449.00 41.71 
  562.00 52.21 
  223.00 20.72 
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  422.00 39.20 
  226.00 21.00 
  421.00 39.11 
  388.00 36.05 
  465.00 43.20 
  352.00 32.70 
  434.00 40.32 
  425.00 39.48 
  580.00 53.88 
  132.00 12.26 
  159.00 14.77 
Average 342.67 31.83 
Room 228 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 229 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 230 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 231 (Office) 448.00 41.62 
  512.00 47.57 
  405.00 37.63 
  525.00 48.77 
Average 472.50 43.90 
Room 232 (Classroom) 205.00 19.04 
  324.00 30.10 
  352.00 32.70 
  206.00 19.14 
  75.00 6.97 
  18.00 1.67 
  58.00 5.39 
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  293.00 27.22 
  11.00 1.02 
  370.00 34.37 
Average 191.20 17.76 
Room 233 (Classroom) 283.00 26.29 
  229.00 21.27 
  300.00 27.87 
  731.00 67.91 
  516.00 47.94 
  568.00 52.77 
  553.00 51.37 
  326.00 30.29 
  630.00 58.53 
  627.00 58.25 
  720.00 66.89 
  723.00 67.17 
  705.00 65.50 
  510.00 47.38 
  455.00 42.27 
  568.00 52.77 
  229.00 21.27 
  601.00 55.83 
  669.00 62.15 
  522.00 48.49 
  415.00 38.55 
  869.00 80.73 
  803.00 74.60 
Average 545.74 50.70 
Room 301 (Office) 368.00 34.19 
  500.00 46.45 
  490.00 45.52 
  350.00 32.52 
  378.00 35.12 
  305.00 28.34 
  326.00 30.29 
  368.00 34.19 
Average 385.63 35.83 
Room 302 (Office) 397.00 36.88 
  355.00 32.98 
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  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 303 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 304 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 305 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 306 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 307 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 308 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 309 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 310 (Office) 397.00 36.88 
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  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 311 (SPIN Lab) 368.00 34.19 
  500.00 46.45 
  490.00 45.52 
  350.00 32.52 
  378.00 35.12 
  305.00 28.34 
  326.00 30.29 
  368.00 34.19 
Average 385.63 35.83 
Room 312 (Office) 397.00 36.88 
  355.00 32.98 
  342.00 31.77 
  251.00 23.32 
Average 336.25 31.24 
Room 315 (Machine Vision Lab) 705.00 65.50 
  699.00 64.94 
  799.00 74.23 
  754.00 70.05 
  766.00 71.16 
  763.00 70.88 
  804.00 74.69 
  902.00 83.80 
  858.00 79.71 
  644.00 59.83 
  742.00 68.93 
  788.00 73.21 
  722.00 67.08 
  705.00 65.50 
  712.00 66.15 
  769.00 71.44 
  754.00 70.05 
  756.00 70.23 
  763.00 70.88 
  804.00 74.69 
  658.00 61.13 
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  644.00 59.83 
  742.00 68.93 
  788.00 73.21 
  722.00 67.08 
Average 750.52 69.73 
Room 316 403.00 37.44 
  349.00 32.42 
  337.00 31.31 
  266.00 24.71 
Average 338.75 31.47 
Room 317a (General Lab) 434.00 40.32 
  340.00 31.59 
  463.00 43.01 
  466.00 43.29 
  717.00 66.61 
  727.00 67.54 
  491.00 45.62 
  385.00 35.77 
  444.00 41.25 
  489.00 45.43 
  346.00 32.14 
  192.00 17.84 
  302.00 28.06 
  342.00 31.77 
  316.00 29.36 
  316.00 29.36 
  510.00 47.38 
  370.00 34.37 
  381.00 35.40 
  519.00 48.22 
  423.00 39.30 
  356.00 33.07 
  244.00 22.67 
Average 416.22 38.67 
Room 317b (NECAMSID) 100.00 9.29 
  442.00 41.06 
  436.00 40.51 
  270.00 25.08 
  252.00 23.41 
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  134.00 12.45 
  192.00 17.84 
  401.00 37.25 
  501.00 46.54 
  246.00 22.85 
  319.00 29.64 
  304.00 28.24 
  327.00 30.38 
  284.00 26.38 
  294.00 27.31 
  394.00 36.60 
  582.00 54.07 
  624.00 57.97 
  502.00 46.64 
Average 347.58 32.29 
Room 318 (Wireless Innovation Lab) 280.00 26.01 
  171.00 15.89 
  218.00 20.25 
  355.00 32.98 
  313.00 29.08 
  354.00 32.89 
  350.00 32.52 
  102.00 9.48 
  331.00 30.75 
  222.00 20.62 
  279.00 25.92 
  124.00 11.52 
Average 258.25 23.99 
Room 318a (Conference Room) 509.00 47.29 
  459.00 42.64 
  361.00 33.54 
  520.00 48.31 
  413.00 38.37 
  409.00 38.00 
  319.00 29.64 
  461.00 42.83 
Average 431.38 40.08 
Room 320 (CWINS) 325.00 30.19 
  466.00 43.29 
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  720.00 66.89 
  411.00 38.18 
  580.00 53.88 
  476.00 44.22 
  496.00 46.08 
  70.00 6.50 
  250.00 23.23 
  434.00 40.32 
  380.00 35.30 
  301.00 27.96 
  386.00 35.86 
  407.00 37.81 
  350.00 32.52 
  315.00 29.26 
  415.00 38.55 
  663.00 61.59 
  336.00 31.22 
  478.00 44.41 
  556.00 51.65 
  338.00 31.40 
  787.00 73.11 
  670.00 62.24 
  660.00 61.32 
  332.00 30.84 
  462.00 42.92 
  593.00 55.09 
Average 452.04 42.00 
Room 320c (Antenna Lab) 325.00 30.19 
  220.00 20.44 
  405.00 37.63 
  305.00 28.34 
  300.00 27.87 
  318.00 29.54 
Average 312.17 29.00 
Room 324 (Men's Bathroom) 418.00 38.83 
  150.00 13.94 
  274.00 25.46 
  236.00 21.92 
  196.00 18.21 
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  14.00 1.30 
Average 214.67 19.94 
Room 328 (Women's Bathroom) 375.00 34.84 
  140.00 13.01 
  203.00 18.86 
  106.00 9.85 
Average 206.00 19.14 
Front Staircase 55.00 5.11 
  60.00 5.57 
  48.00 4.46 
  158.00 14.68 
  34.00 3.16 
  66.00 6.13 
  118.00 10.96 
  46.00 4.27 
  256.00 23.78 
Average 93.44 8.68 
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Appendix F – Power Saving Electrical Control Devices 
This appendix provides information on the Leviton Wireless Infrared Occupancy Sensor and on 
three wall timers considered for timing the on duration of the projector. 
• Leviton 6260M-T Timer Switch 10-20-30-60 Minutes, 4 Buttons and OFF, Single Pole, 
Light Almond 
o http://www.amazon.com/gp/product/B0012DPPIQ 
o Has 5 buttons, off , 10, 20, 30, 60 mins 
 Allows for one button press 
o $32.70 
 
 
Figure F.1 – Leviton 10, 20, 30, 60 minute timer 
 
 
• http://www.amazon.com/Intermatic-Inc-Wall-Timer-
EI210W/dp/B00111DT6O/ref=sr_1_1?ie=UTF8&s=hi&qid=1258528070&sr=1-1  
o 10,20,30,60 min timer 
 Would need 5 button presses to get to 60 minutes of on time 
o $24.79 
75 
 
 
Figure F.2 – Intermatic 10, 20, 30, 60 minute timer 
 
• http://www.intermatic.com/products/timers/in-
wall%20timers/commercial%20spring%20wound%20timers.aspx 
o FF460M is for 60 mins 
 Expensive, analog, and takes a twist to get going 
o $97.52 from http://www.mypoolsupplyguys.com/products/Timer-Spring-Wound-
60-Min-Dpst-%252d-FF460M.html 
 
Figure F.3 – Spring wound timer 60 minutes 
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Appendix G – A History of Energy Star 
This appendix provides a history of the Energy Star program, it is taken from: 
http://www.energystar.gov/index.cfm?c=about.ab_history  
 
 ENERGY STAR is a joint program of the U.S. Environmental Protection Agency and the 
U.S. Department of Energy helping us all save money and protect the environment through 
energy efficient products and practices.  
 In 1992 the US Environmental Protection Agency (EPA) introduced ENERGY STAR as a 
voluntary labeling program designed to identify and promote energy-efficient products to 
reduce greenhouse gas emissions. Computers and monitors were the first labeled products. 
Through 1995, EPA expanded the label to additional office equipment products and residential 
heating and cooling equipment. In 1996, EPA partnered with the US Department of Energy for 
particular product categories. The ENERGY STAR label is now on major appliances, office 
equipment, lighting, home electronics, and more. EPA has also extended the label to cover new 
homes and commercial and industrial buildings. 
 Through its partnerships with more than 15,000 private and public sector organizations, 
ENERGY STAR delivers the technical information and tools that organizations and consumers 
need to choose energy-efficient solutions and best management practices. ENERGY STAR has 
successfully delivered energy and cost savings across the country, saving businesses, 
organizations, and consumers about $19 billion in 2008 alone. Over the past decade, ENERGY 
STAR has been a driving force behind the more widespread use of such technological 
innovations as efficient fluorescent lighting, power management systems for office equipment, 
and low standby energy use. 
 Energy prices have become a hot news topic and a major concern for consumers. 
ENERGY STAR provides solutions. ENERGY STAR provides a trustworthy label on over 60 product 
categories (and thousands of models) for the home and office. These products deliver the same 
or better performance as comparable models while using less energy and saving money. 
ENERGY STAR also provides easy-to-use home and building assessment tools so that 
homeowners and building managers can start down the path to greater efficiency and cost 
savings.  
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Appendix H – PC Power Saving Applications and Features 
This appendix provides a list of power saving applications for PCs and a feature list of each of 
them.  
 
Adaptiva Companion 
 (http://www.adaptiva.com/products_companion.html) 
Features and Benefits  
• Slow climate change: Save energy and reduce CO2 emissions 
• Lower IT Cost: Reduce power and cooling costs. Save $25–$75 per PC annually 
• Quick win: Easy installation,instant benefits 
• Comprehensive reporting: Report on potential and actual savings 
• Enforce centralized power policies: Set custom profiles on a per department or building basis 
• Instant or scheduled actions 
o Power off 
o Hibernate 
o Sleep 
o Log off user 
o Lock Computer 
o Countdown and custom caption shown to user 
• Simplify IT operations: Wake powered off PC's for maintenance 
• Increase end-user productivity:  
o 24*7 access to systems 
o Data is saved prior to shutdown 
o No disruption by software updates during business hours 
o Machines are switched on and ready to go on users arrival 
o Ability to defer shutdown or chose from available power states 
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LANDesk® Power Manager Key Features  
(http://www.landesk.com/) 
LANDesk® Power Manager is a complete solution for systematically managing power consumption of 
networked PCs.  It comes with the following features and capabilities: 
Comprehensive Reporting 
LANDesk® Power Manager offers enhanced reporting features. Prior to policy distribution, you can 
evaluate the estimated power and financial savings for that particular policy. 
When generating the power savings report you can: 
• Select the group of computers you want to target for analysis with the policy 
• Choose to graph savings by wattage or by financial savings 
• Enter actual cost per kilowatt hour 
• Specify the desired timeframe (e.g. weekly, monthly, annually) 
This comprehensive reporting allows you to accurately report the energy cost savings of your Green IT 
initiatives. 
Custom Wattage Settings 
Different systems (monitor and PC combinations) consume different amounts of energy.  With LANDesk® 
Power Manager you can assign customized wattage estimates to specific types of systems, facilitating 
high degrees of accuracy.  All systems are not the same and this allows you to make appropriate 
adjustments for the different systems you have deployed so that you can accurately report your true 
energy savings. 
Flexible Power Policy Management 
With LANDesk® Power Manager, you get a simple-to-use interface with local scheduling capability to 
easily create and configure power policies and settings. You can then deploy your power policies 
automatically based on group policies, location, or a variety of other ways that are appropriate to your 
organization 
Chronological Variability 
The solution features “chronological variability” that enables you to set management policies that can 
vary by hour of the day and day of the week. Chronological variability allows you to have different 
policies on weekends versus Monday through Friday. You can even establish policies appropriate for 
non-traditional work weeks, such as Monday through Thursday 
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BIGFIX  
(www.bigfix.com) 
IT Operations and Security Challenges 
• Enforcing conservation settings without impacting user productivity 
• Remotely “waking up” computers for IT maintenance and support needs 
• Reporting accurate cost and energy savings 
• Coordinating Green initiatives across the enterprise: IT operations, Facilities, Marketing, etc. 
The BigFix Approach 
BigFix provides a scalable and flexible approach to computer power management, ensuring that IT can 
do its job and business operations are not disrupted. Here are some of the unique reasons why BigFix is 
the right solution to power an organization’s Green IT initiatives: 
• Manage up to 250,000 PCs with a single server to automate a broad range of systems and 
security management tasks while minimizing the impact of hardware and power “footprint” 
• Quick time-to-implement allows organizations to baseline their current power usage within 
hours and start reducing electricity usage in days 
• Wake-on-LAN and flexible opt-in capabilities allows organizations to meet the needs of IT staff 
and end-users while still reducing overall energy usage by as much as 40% 
• Easy-to-read reports include electricity savings translated to trees planted or cars taken off the 
road for immediate use in internal and external marketing campaigns 
• Printer usage monitoring provides valuable information necessary for reducing paper and ink 
usage 
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eiPower Saver Solution  
(http://entisp.com/pages/eiPowerSaver.php) 
Having no convenient feature list this is a link to their brochure.  
http://entisp.com/images/layout/EIP_Brochure.pdf 
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Faronics PowerSave  
(http://faronics.com/) 
Key Features 
Intelligent Configuration Settings  
• Definitions can be based on CPU, disk, keyboard, mouse and application activity  
•  Shutdown without the loss of user productivity    
Flexible Scheduling  
• Options to turn off the monitor, and standby, hibernate or shutdown the computer 
• Schedule Wake-on-LAN, shutdown, or restart events 
• Schedule Power Save configuration updates for a single, daily, weekly, or monthly occurrence 
• Schedule a temporary window where Power Save will not enforce energy management policie 
 Compatibility Options  
• Customize the deployment as well as update and control the client workstations 
• Recognizes and accommodates to Deep Freeze maintenance schedules 
• Localized in English, French, German, Spanish and Japanese 
Customized Inactivity Definitions  
• Employ energy saving actions when CPU or disk activity falls below a defined level 
• Prevent the workstation from employing power saving actions when a particular application is 
running 
Enterprise Control  
• Faronics Core Console provides unified workstation management capabilities 
• Workstation grouping makes managing large deployments easy 
• Disable and override a workstation’s operating system energy management settings 
• Password protection prevents users from making unauthorized changes to the workstation’s 
Power Save configuration 
• Hide the Power Save system tray and Start menu icons via Stealth mode  
• Hide the Power Save system tray and Start menu icons via Stealth mode 
Create workstation groups based on user-defined parameters, such as departments, physical 
locations, and user groups 
• Create multiple Energy Consumption profiles to match the power use of each workstation type  
• Workstations can be woken-up via a web browser  
•  Active Task feature ensures configuration changes are applied to unavailable workstations by 
resending the task when the computer can be reached    
Savings Reports  
• Generate enterprise power consumption and savings reports through Faronics Core Console 
• Detailed workstation utilization reporting allows you to see how much power you are saving 
based upon your regional electricity cost  
• Audit mode provides a baseline measure of the energy being consumed, making it easy to 
determine the true value of the savings generated when Power Save's features are enabled  
• Detailed workstation utilization reporting allows you to see how much power you are saving 
based upon your regional electricity cost  
• Audit mode also calculates the projected annual savings based on an interim audit period 
• Power consumption and savings reports can be displayed per workstation or per Energy 
Consumption profile 
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• Power Save displays the environmental benefits that have been achieved by reducing computer 
energy waste 
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KBOX Systems Management Appliances 
 (http://www.kace.com/solutions/systems-management-appliance/computer-management-software-
alternative/power-management.php) 
Power Management 
Energy Saving Features Reduce Resource Demands 
Today’s environment of rising energy costs and shrinking IT budgets makes now the best time for 
companies to go green. Organizations of all sizes can realize sizable returns by taking simple, yet 
powerful steps towards green IT.   
Power management of distributed desktop PCs can make a significant resource conservation 
contribution, especially when combined with initiatives focused on centrally managing remote offices. 
Together they deliver a straightforward way to save companies hundreds of dollars annually per PC. The 
challenge remains doing so efficiently and across an often geographically dispersed organization.  
The Solution 
KBOX™ Systems Management Appliances are designed to save you time and your company money by 
easily and efficiently providing comprehensive green IT management capabilities that ensure resources 
are consumed only when necessary. KBOX equips systems managers to create and enforce power 
management policies across both local and remote environments, and provides visibility into 
compliance and savings information with customizable reports.  
• Using the native KBOX Configuration and Policy Management capability, administrators can 
control how much power a computer uses by enforcing power settings and scheduling 
shutdowns on both Windows and Mac operating systems. KBOX helps IT professionals to 
monitor power settings via customizable reports, ensuring enforcement and the realization of 
lower energy costs. In many cases the reports can also be used to gain eligibility for power 
company rebates. The associated ROI calculator can be used to understand the potential impact 
of the policies and allow “what if” scenarios to be run.  
• KBOX includes a built-in reporting wizard for generating tracking compliance reports, delivering 
both scheduled and e-mailed reports, as well an ODBC connection and published schema to 
make reporting as easy and flexible as possible. 
• KBOX Wake-on-Lan capabilities allow remote systems to be restarted for after hours patching 
and updates from a centralized appliance, so that maintenance can be performed even on 
systems that have been powered down.  
• KBOX Remote Site Replication capabilities allow administrators to manage multi-site 
configurations from a single appliance, without the added hardware and associated energy costs 
of alternative multi-server software solutions. These capabilities dramatically reduce the cost 
and resources required to manage remote sites, and enable companies to avoid the rising costs 
of travel to complete systems management tasks.   
• Run KBOX as a virtual appliance (V-KBOX), delivering all of the systems management benefits of 
a physical appliance while leveraging the space, energy and resource savings of virtual 
environments. 
• License compliance via the KBOX Asset Management module 
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LANrev Power Management  
(http://www.lanrev.com/solutions/power-management.html) 
Why is LANrev better than other solutions? 
Deploying network-based software, such as LANrev, to implement power saving policies that reflect user 
behavior and work schedules is the easiest and most effective way to drastically reduce any 
organization's energy consumption. 
• Unlike many other products, LANrev is fully cross platform and can manage energy settings for 
both your Windows and Mac OS X workstations.  
• LANrev not only reports the current power management settings on client machines but also 
can assign multiple power saving profiles to clients. Configure profiles based on power 
connectivity, day/time, or login status.  
• Regardless of how many power profiles are assigned to a client, the most energy efficient profile 
is always enforced, ensuring maximum energy savings. 
How can LANrev get additional savings? 
Receive up to $15 per machine that the LANrev Agent is installed on. Many local utility companies offer 
a rebate program to encourage organizations to deploy power management software such as LANrev. A 
condition of the rebate often includes reporting to verify the efficacy of the power mangagement. 
LANrev's power consumption reports track power usage and verify the ROI of LANrev power 
management. 
• Calculate energy usage, energy costs, energy savings, and cost savings for selected time periods. 
• Graph actual energy usage with LANrev power management versus no power management and 
a versus a baseline. 
• Compare energy usage over two different time periods, one before and one after the LANrev 
power management implementation. 
A power management plan saves money and improves an organization's image both internally and with 
the public at large. Learn how to apply for a rebate. 
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NightWatchman  
(http://www.1e.com/softwareproducts/NightWatchman/Index.aspx) 
Save money, energy and the environment 
Almost half of all employees who use computers at work typically do not power them down at the end 
of the working day. In the US alone, over $2.8 billion of PC power is being wasted every year.  
NightWatchman is the world leading PC power management solution for companies both large and 
small. Simple and quick to implement and with proven accuracy, it enables significant cost savings by 
applying effective PC power management that won’t slow your business down. 
Round-the-clock PC power management 
 
Centralized control of PC power means that PCs can be woken at the start of the working day, put into a 
low power state at the close of the business and then activated for a maintenance window out-of-hours.  
Keeps users in the driving seat 
User acceptance is one of the key factors to a successful PC power management implementation. 
NightWatchman gives users the control to ensure that power saving measures can be implemented 
without impacting or annoying them.  
Proven savings 
PCs which are left on when not in use are wasting energy which you are paying for! Organizations that 
have implemented NightWatchman have saved on average $26 per PC per year.  
Verismic Power Manager 
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 (http://www.verismic.com/power_manager.aspx) 
In order to achieve the goals of a PC Power Management 
program, effectiveness and impact to the business, 
organizations need to MASTER the following: 
• Monitor – Understand how the environment works today 
• Assess – Assess the needs of the business against the discovered 
power usage models 
• Simulate – Model the impacts of potential power policies 
by applying them to past data 
• Test – Apply policies in a controlled and monitored evaluation group 
• Execute – Implement policies in a controlled manner to the environment 
• Report – Report on the impact and the benefits obtained against those 
Predicted 
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Verdiem Surveyor  
(http://www.verdiem.com/surveyor/default.asp) 
• New! Sustainability Dashboard — Our newest add-on component to SURVEYOR. It provides an 
easy-to-use, interactive reporting tool that shows how much energy your organization 
consumes and saves.  
Out-of-the-box energy consumption and savings reports including detailed insight into user 
activity/inactivity, power state transitions and policy settings across all devices. 
• Maximize energy savings with comprehensive power policy settings without impacting end-user 
productivity.  
• Gracefully manage business applications by allowing administrators to save data in open 
applications, backing up applications or gracefully shutting them down. 
• Seamless remote desktop access allows users to wake their machine for unfettered access 
regardless of enforced power policies. 
• Minimize administration with centralized management of power policies and device 
configuration. 
• Reliable wakeup of devices enables efficient patch management and easy off-hours 
maintenance. 
• Integrated support for Microsoft SCCM 2007 (Configuration Manager) improves efficiency of 
patch management and software updates through synchronous wakeup of PCs. 
• Secure and reliable connectivity with SSL encryption and certificate-based authentication. 
• Support for Intel® vPro™ technology ensures enhanced Wake-on-WAN manageability, security 
and increased savings potential. 
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SysTrack Power Management 
 (http://portal.lakesidesoftware.com/PMOverview.aspx) 
Go green while saving green  
• Power schedule is automatically sensed and configured for each system using built-in 
behavior analysis  
 
• Actively manages system power state based on administrator set policies and user 
schedules  
 
• Shutdowns and wakeups are fully automated  
 
• Adapts to changing needs automatically  
Key features and benefits  
 
• Does NOT require Wake On Lan (WOL)  
 
• Reduces bottom-line energy costs and saves energy  
 
• Reduces CO2 emissions  
 
• Provides automated savings reports on current and future savings  
 
• Before and after reports quantify savings from SysTrack PM  
 
• Installs within minutes!  
 
• Scalability beyond 100,000 systems 
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Triumfant's Green IT Power Management  
(http://www.triumfant.com/IT_power_management.asp) 
Features 
Centralized Control Over Windows Power Management Settings 
• Allows disk drives and/or monitors to be powered down when not in use 
• Places computers in hibernate or standby state after a predetermined period of inactivity 
• Provides control over dynamic throttling capabilities 
• Allows different power management policies to be applied to different groups of computers 
• Triumfant agent overrides local user settings to ensure compliance with desired power 
management policies 
• Web based interface allows detailed examination of power management settings for each 
computer and provides push button control over power states 
On Demand or Scheduled Power State Transitions 
• Forces individual computers or groups of computers to transition to a low power state 
(hibernate, standby, shutdown) according to a centrally administered schedule or on demand 
• Includes automatic remediation of computers that are not compliant with desired power state 
management policies 
• Provides an optional warning message to the user just prior to a scheduled power state 
transition and can be configured to allow the user to postpone a scheduled power state 
transition 
• Automatically saves open documents prior to a scheduled power state transition to prevent loss 
of data 
Wake-on-LAN Capabilities 
• Automatically powers up designated groups of computers using Wake-on-LAN technology 
• Scheduled and controlled via Resolution Manager’s sophisticated task scheduler enabling 
synchronization with other management tasks 
• Automatically identifies the powered up computers in each subnet to serve as relays for the 
Wake-on-LAN magic packets 
Rich Power Management Reporting Capabilities 
• Built-in “Green IT” calculator to forecast the power savings impact associated with a given 
power management policy 
• Power State Distribution report to view the actual impact of power management policies over 
time 
• Wide variety of reports that identify and characterize computers that are not in compliance with 
power management policies 
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Appendix I –Occupancy Sensors 
This appendix is a description of occupancy sensors that should work with the lighting systems 
that are in place. 
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Appendix J - Control Interface 
This appendix contains details about the GRX-IO Control Interface from Lutron including a 
description, specifications, operating modes, dimensions, and wiring information. 
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Appendix K - Lighting Levels 
Appendix K contains a list of recommended lighting levels for various areas (in Lux). 
General Education areas Level 
Classrooms, tutorial rooms 300 
Lecture halls 500 
Art rooms 500 
Technical drawing areas 500 
Music practice rooms 300 
Entrance halls 200 
Stairs 150 
Circulation routes 100 
Common rooms 200 
Kitchens 500 
Store rooms 100 
Sports halls 350 
Rest rooms 100 
Cloakrooms, washrooms, bathrooms, toilets 200 
Offices (filing, copying), reception desks 300 
Conference and meeting rooms 500 
Offices (writing, typing, reading) 500 
External loading ramps and bays 150 
Canteens 200 
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Appendix L - Contact List 
Appendix L contains a contact list of people that were contacted for information. 
 
Name Postion/Title Email Address Helped With 
Marylou 
Horanzy 
Financial 
Resource 
Coordinator for 
WPI Office of 
Facilities 
mghoranzy@wpi.edu 
National Grid 
Bills 
Bob Brown   bobbrown@wpi.edu 
Gaining access 
to the server 
room 
Alfredo 
DiMauro 
Assistant VP for 
Facilities 
fred@wpi.edu   
Bill 
Grudzinski 
Chief Engineer 
for Facilities 
williamg@wpi.edu HVAC 
Norm 
Hutchins 
Mechanical 
Operartions for 
Facilities 
nhutch@wpi.edu HVAC 
Frank 
Horanzy 
Electrician for 
Facilities 
    
Bruce Fiene 
Video Systems 
Specialist for 
the Academic 
Technology 
Center 
fiene@wpi.edu Podiums 
Chris Salter 
Director of 
Project Mgmt & 
Eng for Facilities 
csalter@wpi.edu Building Plans 
Fred Looft 
ECE Department 
Head 
fjlooft@wpi.edu 
Project 
Direction  
Alexander 
Emanuel 
Professor aemanuel@wpi.edu 
Environmental 
impact of CO2 
and project 
direction 
 
 
 Appendix – M 
This appendix contains the solar time charts used to calculate the solar time per day the system would 
receive each month. 
Figure M.1 – This is the solar time chart for the west edge of the south side of the roof.
Figure M.2 – This is the solar time ch
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art for the center of the south side of the roof. 
 
 Figure M.3 – This is the solar time chart for the east edge of the south side of the roof.
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